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ENTOMOLOGICAL INVESTIGATIONS ON THE 
SPKE DISEASE OF SANDAL (4). 

CERCOPIDAE (HOMOPT.). 

By 

Db. V. LALLEUAND, 

Uccle, Belgium, 

[Cercopidae are not common on sandal. Ecological observations 
suggest that they have no bearing on the problem of spike-disease, and 
they arc therefore not tested in transmission experiments. Among 
the Hemiptera, the family is unique in being better represented at 
Erast^rpet than at localities in North Salem. No. 6, Peuceidyclus 
sigillifn "Walker is the dominant species ; attempts were made to rear 
it in 19;W and 1931 without success. Nos. 3 and 4, Plyrlm affinis 
and P. praifradus, /ere tried in 1931 by Mr. Ohatterjec in North 
Salem and it was ascerteined that they do not thrive on sandal. 

The localities nnmtioncd in this paper are : — 

COORG : North Coorg Forest Divusion, within five miles of Fraserpet, 
(“lovation about 2,770 feet, Sample Riots, Nos. 1 to 7. 

MADRAS : North Salem Forest Division ; within four miles of Aiyur, 
elevation about 2,850 feet, Sample Plots, Nos. 15 to 21 ; Denkauikota, 
elevation about 2.9(K( feet; Jawalagiri, elevation about 3,050 feet, 
Sample Plots, Nos. 8 to 14. 

P'or further details of the collecting stations of the Forest Ke.8earch 
Institute Survey of the insect fauna of sandal, Santalum album Linn., 
see Ind. For. Rec., Vol. XVII, Part IX. C. F. C. B.]. 

Notk. — Translated and rearrongsd, vitii thn aattior'a permiaaion, by C. Dover. 
Additions lo' C. F. 0. Beeson. 
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Aphrophoeinab. 

Ptydm. 

1. foophUus costalis Walk. 

Aiyur : Vll. 30 (2 exs.) ; plot 16-11-31 (1 ex.) ; plot 19-1-31 (2 exs.). 
Jawala^ : plot 8, XII. 30 (2 exs.) ; plot 10, XI. 30 (1 ex.) ; plot 11, 
I. 31 (2 exs.). 

2. Ptjrdus nebulosus Fabr. 

Aiyur : VI-VII, 30 (2 exs.) ; plot 16, I. 31 (1 ex.), IV. 31 (1 ex.) ; 
plot 18, I. 31 (1 ex.) ; plot 19, I-III. 31 (6 exs.) ; plot 21, 1. 31 (1 ex.). 
Jawalagiri : plot 10, II. 31 (1 ex.). Fraserpet : plot 6, IX. 30 (1 ex ) ; 
VII. 30 (1 ex.). 

3. PiyelttS afflnis Dist. 

Aiyur : II. 30 (1 ex.) ; plot 20, II. 31 (1 ex.). Jawalagiri : plot 12, 
III. 31 (1 ex.). Fraserpet : II. 30 (2 exs.) ; plot 1, X. 30 (1 cx.), I. 31 
(1 ex.), V. 31 (1 ex.) ; plot 3, IX-X. 30 (2 exs.), XII. 30 (i ex.) ; plot 6, X. 
30 (1 ex.) ; plot 6, II. 31 (1 ex.) ; plot 7, VIII. 30 (1 ex.), II. 31 (1 ex.). 

This species and hirstUus Kirby are probably only varieties of 
P. ndndosus, aU three having the following characteristics : a small 
brilliant black patch at the end of the henielytra ; a second patch of 
the same colour, surrounded by a pale semi-circle, situated posteriorly 
on the inner margin of the clavus; two small black spots on ti'o head 
anteriorly. The external genitalia are also similar. 

4. Ptyelus praefractus Dist. 

Fraserpet: VI. 30 (2 exs.); plot 7, Vlll. 30 (1 ex.). Jawalagiri: 
plot 1], III. 31 (1 :x.). 

6. Beesoniella sylvestris Lall., gen. et sp. uov. 

Fraserpet : \rill. 30 (1 ex.), XII. 30 (2 exs.) ; plot 1, XIT. 30 (1 ex.), 
I. 31 (1 ex.) ; plot 2, 1. 31 (1 es;.), II. 31 (1 ex.) ; plot 5, T. 31 (I cx.) ; 
plot 6, 1. 31 (1 ex.), II. 31 (2 exs.) ; plot 7, Xll. 30 (1 ex.). 

Beesoniella gen. nov. 

I’ronotum very long, almost as long as broad, very convex anteriorly, 
concave poskaiorly, the surfact!, punctuated in more or le.s.s transverse 
lines, the punctuation more dense posteriorly than anteriorly. Scutcl- 
lum elongate, ending in a tapering point. The head presents a rounded 
line from pronotum to clypeus when seen from the side, seen from above 
it appears as straight band. Eyes (the anterior margins of which con- 
tinue the general line) not prominent. Ocelli situated a little nearer the 
eyes than to each other and to the front of the anterior margin of the 
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pronotflin nea* the jugal plates, which are nearly as long as the ey«i and 
slant almost perpendicularly. Cl 3 ^us almost smooth, lightly striated 
on the sides, slightly marked. Antennae situated between the extre- 
mities of the eyes and the lateral angles of the clypeus, basal joints short. 
Labrum a little wider than long ; rostrum extending to the end of the 
median legs. Posterior tibiae with two spines, a small one near the base 
and a very long one a little above the middle. Hemelytra densely punc- 
tuated, slightly transparent ; clavus with two nervures further apart 
from one another at their extremities at the internal margin than at the 
base ; on the corium the radius bifurcates from the middle to the end ; 
the median and cubitus are joined on the anterior third ; towards the 
apex a transverse nervure connects the four longitudinal branches, 
forming four to five apical cells (according to whether it reaches the ex- 
ternal edge or not). 

I dedicate this genus to Dr. C. F. C. Beeson, through whom I received 
the sandal Cercopidae for study. 

Beesoniella sylvestris sp. nov. 

Ventral surface of body, head and anterior part of pronotum light 
brownish yellow ; posterior part of pronotum, scutellum and hemelytra 
clear brown. The following markings are black : on the pronotum large 
widely separated spots situated principally on the anterior part, fine 
spots becoming more dense posteriorly, and an elongate median patch 
behind the anterior margin ; a large spot on the clypeus a little below 
the oeclli, where the curve is greatest ; the ocelli and the small spots 
on tlie margins of the jugal plates, the rostrum, the longitudinal lines 
on the femora and on the anterior and middle tibiae, the extremities 
of tlic spines and the i)ostcrior tibiae. A brownish black marking, on 
each side of the rostrum, is found on the mesosternum. 

Length ; 6 mm. 

Habitat : Cooro : Fraserpet. 

Type ; From Fraserpet, plot 6, 4. II. .^1. 

Aphrophormi. 

6. Peaoeptyelus sigillifer Walk. 

Aiyur : II-IX. 30 (several exs.) ; plot 15, V. 31 (1 ex.) ; plot 16, 
XII. 30 (1 ex.), I. 31 (1 ex.) ; plot 17, VIII. 30 (1 ex.), XII. 30 (2 exs.), 
VI. 31 (1 ex.) ; plot 18, IX. 30 (1 ex.) ; plot 20, IX. 30 (1 ex.), XI-XII. 30 
(5 exs.), III. 31 (1 ex.) ; plot 21, II-III. 31 (3 exs.). Jawalagiri ; IV-VII. 
30 (several exs.) ; plot 0, VI-VII, 30 ; plot 8, X. 30 (1 ex.) ; plot 9, VIII-IX. 
30, 1, 31 ; plot 11, III. 31 (2 exs.) ; plot 12, IV, 31 (1 ex.). Benkanikota : 
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V- VI. 30 (3 exs.). Fraaerpet ; II-III. 30 (several exs.), V, 30 (3 exs.), 

VI- VII. 30 (several exs.), Vni, 30 (1 ex.), X. 30 (1 ex.) ; plot 1 , VIII-XII. 
30 (several exs.), I-III. 31 (18 exs.), VI. 31 (3 exs.) ; plot 2, VIII. 80 
(1 ex.), XI. 30 (1 ex.), I. 31 (8 exs.) ; plot 3, VIII-IX. 30 (6 exs.), X. 30 
(1 ex.), I-V. 31 (8 exs.) ; plot 4, VIII. 30 (4 exs.), IX. 30 (1 ex.), XII. 30 
(4 exs.), I-II. 31 (7 exs.), IV. 31 (2 exs.) ; plot 5, VIII-IX. 30 (4 exs.), 
XII. 30 (1 ex.), I. 31 (1 ex.), IV. 31 (1 ex.), V. 31 (1 ex.) ; plot 6, VIII-DC. 
30 (9 exs.), XI-XII. 30 (4 exs.), I. 31 (1 ex.), V. 31 (1 ex.) ; plot 6, VIII-IX. 
30 (9 exs.), X-XII. 30 (4 exs.), I. 31 (1 ex.), V. 31 (4 exs.). This species 
is most abundant at Fraserpet, particularly in plot 1, and least common at 
Jawalagiri. 

In the collection sent to me there are several examples with a harden- 
ed oblique line on each hemelytron, which passes almost to the middle of 
the external edge and then towards the end of the scutellum, crossing 
the radius before its bifurcation and passing to the point of separation 
of median and cubitus. This species is as variable in its dorsal markings 
as PMlaenus sfumarius, and certain varieties recall those of the latter. 
All the examples are not attributable to a well-determined variety and 
there are numerous intermediate forms. The colouration varies from 
yellow-ochre to brown and brown spots may be present or not. The 
pronotum may show several markings : (a) the anterior half may be 
yellow-ochre and the posterior half brown-black or black ; (6) it may 
be entirely black except for a straight transverse yellow line ; (c) it 
may be black except for four yellow marks, of wliicli the median two are 
more or less lunate in form and the other two arc near ea<;li lateral margin. 
The design of the hemolytra is eciually varied and, in jiddition to those 
described by Walker, there are the following varieties : (o) on a ground- 
colour of brown there is an oblique greyish -whit<' band, the posterior 
end of which is formed by a hard line ; (h) on a ground-colour of clear 
o<‘.hre-brown there is a blackish brown longitudinal band, which runs 
from the base of the corium to the apex and is thickened at the back 
of the hard line ; a second band is found on the clavus, passing along the 
inner border and extending to the pronotum and scutellum. 

Aphrophora trifasdata Distant is undoubtedly a variety of P. sigiMifer. 
In this form the median line of the pronotum may be absent and on the 
hemelytra the black colouration is more or less strongly prolonged, 

Cercopinae. 

Eoscartini. 

7. Eoscarta sp. 

A singleton, probably new, from Fraserpet, plot 1, 22. VIII. 30. 

MaiPO—M—III-2-lU— 12-6-33— 500, 
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ENTOMOLOGICAL INVESTIGATIONS ON THE SPKE 
DISEASE OF SANDAL (5). 

BRENllflDAE AND LYCIDAE (COL). 

BY 

R. KLEINE, 

Stettin, Germany. 

The Bienthid fauna of sandal is represented only by stray spedmens 
of five species, one of which is of interest in that it belongs to a myrme- 
cophilous genus. The Lycidac, which are chiefly flower feeders in the 
imaginal state, are represented by seven species, Lyco&Umus praeudus 
being the most abundant. Further information on the species recorded 
below will be found in my contributions to the C(Ualogue of Indian Insects 
series (pt. 11— Brenthidae, 1926 ; pt. 21, Lycidae, 1931), 

[The localities mentioned in this paper are : — 

COORG : North Coorg Forest Division, within five miles of 
Fraserpet, elevation about 2,770 feet, Sample Plots, Nos, 1 to 7. 

MADRAS : North Salem Forest Division ; within four miles of 
Aiyur, elevation about 2,860 feet. Sample Plots, Nos. 15 to 21 ; Denkani- 
kota, elevation about 2,900 feet ; Jawalagiri, elevation about 3,060 feet. 
Sample Plots, Nos. 8 to 14 ; Noganur, elevation about 2,900 feet. 

For further details of the collecting stations of the Forest Research 
Institute Survey of the insect fauna of sandal {Santalum album Linn.) 
see Ind. For. Rec., Vol. XVII, part IX. 

Two species of lycid beetles, LycosUmus madurensis and L. praeudus, 
that frequent the flowers of sandal liave been included in the list of 
insects under suspicion as possible vectors of the spike disease, and 
experiments with the latter species are being conducted by Mr. 0. 
Dover at Bangalore. 0. F. C. B.] 

Nova. — ^Betumnged, from a traiulatioii by 0. F. 0. Beeson, by 0. Dover, with the 
author^ Iwtmis^oD. 
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1. Cyidliag<^nu westwooiB Ftuny. 

PraBerpet : 26-11-30 (1 ex. N. C. C.) ; plot 1, ld-XII-30 (1 ex.). 

A very widely distributed species recorded by Beeson the gal- 
leries of Gross(darsus sqmmuMus and in nomeroos species of trees 
attacked by Platypodidae. AUthe species of Oyjhagoguf are predators, 

2. Cerobates sexBulcatas Motscb. 

Praserpet: 19-V-30 (1 ex.). 

Apparently an exceedingly polyphagous borer of wide distribution. 
AUbmia hcida, Butea frondosa and Dyaoxyhm biructanfmm are known 
as host-plants. 


3. Araiorrhinns beesoni Kleine. 

Aiyur: plot 20, 7-XI-30 (1 ex.). 

Previously recorded from Katha Dirision, Burma (under bark of 
teak). 


4. Symmorphocems cardoni Senna. 

Jawalagiri ; 31-V-30 (1 ex.). 

This .species appears to be fairly widely distribiitwl in India. The 
gemis is mynnecophilous. 

5. Eupsalis troncata Boh. 

Jawalagiri : plot 9-23-IX. 30 (1 ex.). 

Occurs, not infrequently, in Ceylon, the Indian Peninsula and Bengal. 
Artocarjma integrifolia is the only recorded host-plant. 

Lyoidae. 

1. Lycostomus madorensis Pic. 

Fraserpet ; VI-VII. 30 (4 exs.). — Jawalagiri : VI-VII. 30 (19 exs.) ; 
plot 8, VII. 30 (2 exs.) ; plot 9, V. 30 (6 exs.) ; plot 11, V. 31 (2 exs.) ; 
plot 14, V. 31 (3 exs.). Aiyur : V-VII. 30 (fairly common) ; plot 15, V. 
31 (3 exs.) ; plot 16, V. 31 (3 exs.) ; plot 19, V-VI. 31 (fairly common) ; 
plot 20, V. 31 (3 exs.), VI. 31 (4 exs.) ; plot 21, V. 31 (2 exs.). Noganur : 
V-VI. 30 (2 exs.). 

The foregoing are the only definite localities in India from which this 
species is known. L. madurensis and L. praeustus are the two species of 
Lycidae recorded by Hart and Bangaswamy {Ind. Forester, Lll, 1926) as 
feeding on the nectar and pollen of sandal flowers. 
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2, lisniostoniu svaoBstitt Fabr. 

Frasi^et : VI-VII. 30 (5 exs.).-^awaJagm : V. 30 (6 exs.), VI-VII 
(very abundant) ; plot 8, ^11. 30 (13 exs*), VII. 31 (19 exs.) ; plot 9, 
VIII. 30 (14 exs.), V. 31 (7 exs.). VI. 31 (9 exs.), YII-VIU. 31 (very 
abmtdont) ; plot 11, VIII. 30 (1 ox.), V. 31 (3 exs.) ; plot 12, VII. 31 
(23 exs.) plot 13, VII. 31 (2 exs.) ; plot 14, V. 31 (20 exs.). Aiyur : 
V-VII. 30 (oommon) ; plot 16, VIH. 30 (3 exs.), V. 31 (2 exs.) ; plot 19, 
VIII. 30 (9 exs.), V. 31 (13 exs.), VI, 31 (27 exs.) ; plot 20, V-VI. 31 
(5 exs.) ; V-VI. 30 (2 exs.). Noganur : V. 30 (21 exs.). Beukanikota : 
VI. 30 (7 exs.). 

This widely distributed species is the commonest Lycid on sandal in 
North Salem, occurring between May and August. In the plots it 
appears to be most common in 9 and 19, in both of which Lantana and 
Acacia leucopJdoea are the dominants. Experiments are in progress to 
determine if “ spike-fed ” individuals of this species can transmit the 
disease to sandal via the flowers. 


3. Ljrcostomus lateritius Gorham. 
Jawalagiri : plot 8, VII. .30 (1 ex.). 

Tliis species is fairly widely distributed in Briti.sh India. 


4. Lycostomus similus Hope. 

Aiyur : V. 30 (I ex.). Beukanikota, V. 30 (1 ex.). 

A common and widely distributed species found particularly in hilly 
regions. 


5. Xylobanus montanus Kleinc. 

Aiyur : plot 21, XII. 30 (1 ex.). 

Previously recorded only from Tavoy and the Karen hills. 


6. Plateros imitator Kleine. 

Fraserpet ; VII. 30 (9 exs.), VIII. 30 (1 ex.) ; plot 3, IX, 30 (3 exs.) ; 
plot 6, VIII-IX. 30 (2 exs.), VII. 31 (1 ex.). — Jawalagiri : Vi. 30 (2 exs.) ; 
plot 8, VII. 30 (2 exs.), X. 30 (1 ex.) ; plot 9, V. 31 (2 exs.), VII. 31 (2 
exs.) ; plot 10, VII-VIIl. 30 (2 exs.) ; plot 11, V-VIII. 31 (5 exs.) ; plot 
12, VII-VIII. 31 (3 exs.). Aiyur : VI-VII. 30 (6 exs.) ; VI, 31 (3 exs.). 
VIII. 31 (1 ex.). 

Previously known from Malabar, the United Provinces (Haldwani 
IMvkoon) and Bengal 
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7. Oalo^broams andrewMdi Elelne. 

Jawalagiri : plot 9, V. 31 (2 exa.). Aiyur : V. 30 (common), VI. 30 
(3 exs.) ; plot 17, VI. 31 (6 exs.) ; plot 19, IV. 31 {21 exs,), V. 31 (39 exs.), 
VI. 31 (14 exa.) ; plot 20. V. 31 (17 exs.), VIII. 31 (1 ex.) ; plot 21, VII- 
VIII. 31 (2 exs.). 

Only known from South India (the Nilgiris and the above localities). 
The species appears to be fairly common between April and August but 
occurs spasmodically. The variation is so considerable that one might 
conclude that several species were represented. The elytra may be 
uniformly coloured, but the posterior margin may also be darkened to a 
more or less great extent. The scuteUnm of such individuals is then 
often blackish brown ; the antennae are blackish brown, only the first 
segment being yellow ; abdomen blackish brown ; thorax yellow ; 
femora usually yellow, oco^asionally with black anterior margins ; 
tibiae and tarsi dark coloured. This variation is not common, and 
individuals with uniformly coloured elytra should be considered the 
typical form. In these specimens the scutellum is always yellowish as 
the whole upper surface of the body. The antennae may be coloured 
yellow up to the fourth segment. The colour of the legs is variable. 
Usually the femora are yellow, til iae and tarsi dark colomed. The 
anterior margins of the femora are also not infrequently darkened. The 
underside of the body may be quite yellow, but the abdomen is usually 
dark. All possible combinations occur, and quite uniformly yellow 
individuals are even found. The size of this small species varies by 
about 1-2 mm. The most certain character is the strong pubescence of 
the elytra and the form of the penis in the male. 


BOO. 
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ENTOMOLOGICAL INVESTIGATIONS ON THE SPKE 
DISEASE OF SANDAL (6). 

ANTBRIBIDAE (COL.). 

BY 

Dr, KARL JORDAN, 

Tring, England. 

It was not to be expected that such a spcjcialised entomological survey 
as that of a single species of forest tree would result in the amassing of a 
large number of siiecies of Anthribidae, the family being, among beetles, 
a comparatively small one. The 112 specimens submitted for determina- 
tion belong to 17 species, 4 of which are new, a fifth being represented 
by a new subspecies. The distribution of the species is as follows : 6 
known from South India only, 3 from Ceylon and South India, 1 from 
Ceylon and South and Northern India, 2 from South and Northern Inrliii^ 
1 from South and Northern India and Tonkin, 5 extending in to the 
Malaysian countries. 

For the seasonal distribution of the species compare the table at the 
end of this article. 

[ The localities mentioned in this paper are : — 

COORG : North Coorg Forest Division, within five miles of Fraserpet, 
elevation about 2,770 feet. Sample Plots, Nos, 1 to 7. 

MADRAS : North Salem Forest Division ; within four miles of 
Aiyur, elevation about 2,850 feet, Sample Plots, Nos. 16 to 21 ; Denkani- 
kota, elevation about 2,900 feet ; Jawalagiri, elevation about 3,050 feet, 
Sample Plots, Nos. 8 to 14. 

For further details of the collecting stations of the Forest Research 
Institute Survey of the insect fauna of sandal, Samtakm aXbvm Linn., 
see Ind. For. Rec., Vol. XVII, Part IX.-C. F. 0. B.] 
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1. Tropideres seenrai BoL 

Trcpideres tecunta Boheman in Sohoeoli., Qen. Otuc. Y. p. 207 Ko. 3 
(1889) (Cialcaiita). 

Litocerus rufetcms Roelofs, C. E. Soc. Bnt. Belg. XXII. p. LV No. 20 
(1879) (Japan). 

Litoeerm anna Jordan, Nov. Zool. X, p. 424 No. 26 (1903) (Kina Bain, 
Borneo). 

Eraserpet : 9-III-30, one specimen — A l s o known to me from 
Coimbatore, Madras, Bariiliug and Assam ; its area of distribution 
extends to Japan, Borneo and Java, possibly farther east. The original 
description by Boheman is not very precise, but the examination of the 
type of T. aeourus leaves no doubt that the above synonymy is correct. 
Evidentiy fairly common in many districts. 

2. Gibber callistos Jord. 

Qikiber callistus Jordan, Nov. Zool. XXXI. p. 238 No. 18 (1924) 
(Assam : Lakhimpur). 

Fraserpet ; 18-111-30 and 14-1-31, a pair — ^known from Madras 
and Assam. Upper side grey-green, at base of pygidium a well-defined 
black spot. 


3. Zygaenodes homi Jord. 

Zygarmodes Jiorni Jordan, D. Ent. Zcitatihi. p. 70 No. 2 (1902) (Ceylon). 

Fraserpet: 28-III. and 2-IV-30 ; 9-VIII-30 and 1. 31 oi\ plot 
2 ; 21. and 22-IX-30 on plot 3 ; 29-XII-30 on plot 5 ; 18- 1-31 and 
15-11-31 on plot 3.— Aiyur : l-V-30 ; 25-XI-30 on plot 17. 
Jawalagiri : 12-VI-30 on Zizyphus ; 18-11-30 on plot 10. Denkani- 
kota : 18-VI-30. An interesling series of a species known only from a 
single female collected in Ceylon by Dr. Walther Horn. Most of the 
specimens have a greenish grey tint on the upperside and no sharply 
defined markings, which may partly be duo to the pubescence having 
somewhat suffered in the killing bottle. The length varies from 2-2 to 
3*3 mm. (head excluded). The species belongs to that section of the 
genus in w'hich the eye is sinuate laterally above the antennal groove. 
The larvae of some species of Zygaenodes are known to live in seeds. 

4. Zygaenodes antialliu Jord. 

Zygaenodes aniiaUus Jordan, Nov. Zool. XVIII. p. 602 No. 6 (1912) 
(Assam : Khasia Hills). 

Fraserpet : lO-III. and 19-VI-30 ; 6-IX-30 on plot 2 ; 21-IX-30 
on plot 3 ; 11-11-31 on plot 6. — ^Aiyur : ll-XI-30 on plot 17 ; 4-1-31 
on plot 17. Jawalagiri : 26-IX-30 on plot 12 ; 6-X. and 28-IX-30 on 
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plot 14.— Oidy a few specimens were hitherto known from Assam and 
Tonkin. The eye is pointed above the antennal groove, not sinnate, 
the sinus being feebly indicated on the side adjoining the upper surface 
of the proboscis. Occiput with a double hump between the eyes. The 
present specimens vary in length from 3*0 to 4*3 mm. 

5. Uncifer basaUs Jord. 

[/mt/er hasalu Jordan, Ann. Mag. N. H. (9). XVI. p. 269 No. 3 (1925) 
(Sumatra). 

Fraserpet : 20-VI-30, one specimen — Describ(Hi from one female 
obtained in East Sumatra by Mr. J. B. Corporaal ; not yet known from 
other districts. 


6, XJneifer pissodes spec. nov. 

Similar to 11, exillis Jord. Nov. Zool. XXXII. p. 252 No. 23 (1925) 
(Perak), antenna shorter, eye not elevate behind, evenly convex. Pitchy 
black, antenna and legs slightly rnfeBcont. Frons as broad as segment 
II of antenna is long. Eye broader in an antero-posterior direction than 
in f/. exillis. Antenna little longer than the rostrum ivS broad, segment 
II as broad as the club, III shorter than II, 111 to VII decreasing in 
length, VIII broader than VII, about as broad as long, IX broader than 
long, broader than VIII, but imrrowt'r than X, this broader than long, 
XI ovate, truncate at base, acuminate at apex, IX to XI rather closely 
aj^pressed to each otlier. Dorsal carina of pronotiim basal in middle, 
slightly antebasal at sides. Elytra coarsely punctate-striate. Pygidium 
longer than broad, narrowing apicad, inclining forward, ventral segment 
V being very short in middle, basal margin of pygidium slatiting from 
middle to sides, apex evenly rounded. 

Pubesc/cnce grey, sparse on upperside, sonu'wliat druiser on proboscis, 
on sides of pronotum and on and behind scutelium. 

CuoRc : Fraserpet, 15-11-30, one male. 

7. Atinella senex grisea subsp. nov. 

cj 9* A little narrower than A. senex senex Jord. Nov. Zool. XXXIII. 
p. 252 No. 22 (1925) (Ceylon) ; dorsal carina of pronotum mcdianly hiss 
incurved and laterally a little more convi^x ; tarsi blacJcish brown except 
larger proximal portion of segment 1 ; middle of femora brown. Pube- 
scence grey, not very dense on upperside, densest in front of scutelium ; 
pronotum sometimes with a grey median line ; lateral median area of 
elytra more sparsely grey, sometimes this area rather better defined, 
narrowing dorsally and ending at some distance from the suture with an 
oblong brown spot. Pygidium in ^ longer than broad, in $ broader 
than long (<J not known of A. senex senex). 
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Leogtli (head excl.) 2*0 to S-l mm. 

OooRO : Fraserpet, 20 and 26-111-30, 3, 5 and 6. III-30, 5 and 6. 
IV-30 — on spiked sandal, 6 and 14. VI-30 ; 23-VI-30 on pbt 6, 30-IX- 
30 on plot 6, 22-XI-30 on plot 2.— North Salem ; Denkanikota : 
2-VI-30 on spiked sandal. Nogannr : l-<IV-30, 17-V-30. Jawalagiri : 
15-V-30 on spiked sandal. 

8. Physopteras analis Jord. 

Physopterus anuKs Jordan, Nov. Zool. XIII. p. 408 No. 2 (1906) 
(Anamalai Hills, May). 

Fraserpet : 23-XII-30 on plot 6 ; 9-1-31 on plot 1 ; 4-II-31 on plot 
6. — ^Denkanikota : I-VI-30. — The ^ bears on the underside of the hind 
femur a subapical pointed tooth, which is somewhat curved. Only a 
few specimens are known, all from South India. 

9. Enllig asper Jord. 

ExiUis asper Jordan, Ann. Mag. N. H. (9). XVI. p. 264 No. il (1925) 
(Sumatra). 

Fraserpet: 16-VIII-30 on plot 2; 9-XI-30 on plot 3 ; 13-XII-30 
on plot 2 : 4-1-30 on plot 3. — Jawalagiri : 3-VIII-30 on plot 14 ; 13- 
X-30 on jJot 8. — Previously known from North India and Sumatra. 
In colour closely agreeing with E. horni Jord., I). Ent. Zeitschr. p. 77 
No. 5 (1902), from Ceylon but the lateral canna of the pronotuiu longer. 

10. Basitropis hamata Jord. 

Basitropis hmmla Jordan, Nov. Zool. X. p. 132 (1903). 

.lawalagiri : 6-V-30, one specimen — Widely distributed in India 
and Indo-China. 


11. Phloeobitts altemans Wiedem. 

Anthribm alterrums Wiedemann, Zool. Mag. I. 3. p. 172 No. 22 (1819) 
(Bengal). 

Anthribus apicalis Walker, Ann. Mag. N. H. (3). III. p. 262 (1859) 
•(Ceylon). 

Fraserpet : 17-V1-30, one — A common spitcics, the range of which 
extends to Borneo, Celebes and Java. 

12. Phloeobios albescens Jord. 

Phloeobius albescens Jordan, Ent. Zeit. Stettin LVI. p. 198 No. 91 
(1895) (locality not mentioned in original description ; the 2 specimens 
were obtained by Fruhstorfer on Mt. Sukabumi, W. Java). 
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pAitt HI] Ka»i- Iob^dah : Spike IHemee of SmM. 

IVasea^et : 3. and 14-* VI-30 ; 17-^31 oti pii[>t 2— la one ooUectioa 
from Calotitta) lado^him, Hainan^ Samatm and Java* 

13* Riloaoliiiis ImwiUMm spec. nov. 

^ $* Near PMoeohius hetus Jordan, Opnsc. Inst. Scient. Indo-cliine, 
Fatme Entom* L p. 103 No. 74 (1923) (Cochinchina), and PAi. mdnus 
Jord., 1.0. No. 76 (Tonkin), but angle of pronotum more acute and tarsal 
segment I shorter. Upperside clay-colour variegated with grey-white 
and blackish brown. Head and rostrum shaded with grey-white in 
middle and at sides, this colour concentrated on occiput into three 
diffuse spots. Apical margin of rostrum rather sharp, elevate in middle, 
not slanting as in PM, laetus and Phi, vicinm. Edge of antennal groove 
sharp near eye, the space between it and the eye narrower than in the 
species mentioned. The eye less transverse and its sinus smaller and 
less obtuse. Antenna of a little longer and that of $ shorter than the 
elytra are broad, rufous, with black club, segment III as long as IV, 
anterior apical angle of IX and X acute, more produced than posterior 
angle, IX about a third longer than broad in (J, less than a third in X 
slightly broader thati long, a little broader than IX and X, XI ovate, 
about as long and broad as IX. 

On pronotum a grey-white dot before middle on each side of disc, a 
blackish brown spot laterally at apex and another at carina nearer to 
angle than to middle ; sides rounded-angustate from carina forward, 
the apex very little broader than the neck, posteriorly the sides more 
strongly incurved than in the allied species, therefore the basal angle 
smaller and more projecting ; surface more finely granulate than in 
PhJ, laeins. Elytra as in the allied species without tufts, suture and alter- 
nate interspaces grey- white spotted with black-brown, apical area more or 
leBS distinctly grey-white, not impressed, at apex of suture a black-brown 
spot. Pygidiura much larger and much less rounded in ^ than in in 
J about one-sixth broader at base than long, in $ one-fourth ; middle of 
apical margin in $ more or less impressed, sometimes emarginate. Under- 
side grey-white shaded in places with clay-colour. Legs rufous, tarsal 
segments II to IV more or less black ; pubescence of tibiae long, parti- 
cularly on underside, segment I of tarsi short in foretarsus of shorter 
than II, III, these dilated, especially in fore and midtarsus, but rather 
less so than in PhL laetus and PhL vieinus . — Length (head excl.) 4 to 
9 mm. 

CooRo: Fraserpet: 28-11-30 on unspiked sandal; 26-IV-30; 
6. 12. and 17-V-30 ; 15. and 16- VI-30 ; VII-SO ; VIII, 14-IX--30, 
X, XII and lM-31 on plot 3 ; 4-VIII, IX and X. 30 on plot 4 ; 26-XI- 
30 on ( lot 6 ; VIIl, IX, X, XI and XII on plot 7,— North Salem : 
Aiyur, 4-1-31 on plot 15' X. 30 on plots 18 and 21; 4-XII-30 on 
plot 19. 

B 
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14. FltkMobiiui cnunioollis spec. nov. 

$. Not unlike the pteoeding new species, but the pronotum mu<di 
broader at apex. Colouring evidently nearly the same (the three speci* 
mens are not well preserved), but the elytra less ^tted with blade and 
the tarsi, tip of tibiae and the greater part of the femora black-brown. 
Bye more convex, and more rounded, ^ing almost circular apart from 
the sinus, which is small. Pronotum less narrowing from lateral oarina 
to apex, remaining much wider than the neck, thou^ rounded 0 $, ike 
lateral carina at least one-fourth longer Ikan the distance fxcm the end 
of this carina to the angle of the apex i basal angle of oarina a littib less 
acute than in Phi. brevitarsis. Pygidinm evenly rounded in both sexes, 
in 5' one-third broader than long, in $ two-fifths. Prostemum shorter 
than in PM. brevitarsis, anterior margin of coxal groove somewhat 
raised and continued laterad as an obtuse ridge. Pubescence of legs 
apparently shorter than in PM. brevitarsis, first segment of tarsi dis- 
tinctly longer than in that species. Length ^ 5 mm., $ 8 mm. 

CooBG : Praserpet, l-VI-30 ((J type) and 11-1-31, North 
Salem : Aiyur, ll-IX-SO on plot 21. 


15. Fbloeobins santalmns spec. nov. 

?. Itesembles PM. crassicoUis in the pronotum being wide at apex, 
but the eye is very much narrower, almost as narrow as in PM. gigas 
F. 1776. 

Cylindrical, above buff variegated with grey-white, beneath grey- 
white. Head and proboscis greyish in middle, irregularly rugulose, 
with indication of a median depression on rostrum. Frons at least 
one-third broader than the area in front of eye, in $ usually broadrar 
than in ;. Antenna rufous, club black, in ^ variable in length, the 
end-B^ment being either long and pointed (type) or only as long as IX, 
with intergradations. Pronotum clay-colour, on each side of disc as 
usual an antemedian white dot, behind which there is a smaller one, 
about 5 diffuse confluent blackish patches on each side, the basal patch 
placed nearer to side than to middle better defined and oblong ; side of 
pronotum from lateral carina forward moderately slanting, the pronotum 
remaining much broader than the neck of the head, this portion of the 
side shorter than the lateral carina, as in PM. crassieolUs ; basal angle 
90°, with the tip rounded off. Elytra pubescent luteous, without tnfts, 
suture and alternate interspaces diffusely spotted with grey-white, 
behind middle and on apical area some, more conspicnous, white dots, 
before apex of suture a black spot which is about twice as long as broad. 
Pygidium evenly rounded in both sexes, at least twice as broad as long. 
Legs rufous, the greater part of the femora, and tarsal segments II and 



7 


m.] Kabi. ifoBBAB : Spike Ditetm oj Sandd. 

Ill aiui AptiX of IV btaek or bl»ok*biown, II and III very sli^tly dilAted* 
togeftber abont one-tbixd sborter than I.^Lengtih (h^ excL) 4*2 to 
7*6 nan. 

CooBo J Fraserpet * IX-®0 and 13-11*31 on plot I ; 18-1-31 on 
plot 8 . — Nobib Saijbm : Aiynr ; 1-III-30 ; 2., 9., 24., and 26 IV-30 ; 
9.V-30; 10., 24. and 28-VI-30; 3-VIII-30 on plot 16; 13-V-31, on 
plot 18 ; M-31 and 25-V-31 on plot 16 ; 10- VI-81 on plot 18. Type 
from Aiynr. 


16. PlitoeobiiiB eesrlonicas Jord. 

Phloeobius oeyUmicus Jordan, D. Ent. Zeitspbr. p. 78 No. 6 {1902( 
(Ceylon). 

Fraserpet: 28-11-30; 2-V-30 and 17-VI-30, three $$.— We have 
a few specimens from Eanara, Madura and Juranda. 


17. Aiaeoeras satoralis Boh. 

Araecerus suturalis Boheman, in Schoenherr, Gen. Cure. V. p. 273 
No. 3 (1839) (Calcutta). 

Araeomrus irdangens Walker, Ann. Mag. N. H. (3). III. p. 262 (1859) 
(Ceylon). 

Fraserpet : 1. and 17-VII-30 ; l-X-30 on plot 6 ; 1., 2. and 31- 
XII-30, one each on plots 4, 6, 6. — ^Aiyur : 23-IV-30 ; 2-XI-30 on 
jilot 15 ; 14-XI-30 on plot 20 ; 16-XI-30 on plot 16 ; 6-XII-30 on 
plot 17 ; 8-XII-30 on plot 16 ; 9-XII-30 on plot 17 ; lO-XII-30 on 
plot 18; 13-Xn-30 on plot 21; 14-XII-30 on plot 15; 12-I-.31 
on plot 16. Jawalagiri : 30- VI-30 ; 6-X-30 on plot 8 ; 27-X-30 on 
plot 14 ; 28-X-30 on plot 8 ; 9~XI-30 on plot 13 ; 21-XII-30 on plot 
13. 

In our collection from Ceylon, Travancore, Dehra Dun and Pusa. 
The majority of specimens have the alternate interspaces of the elytra 
strongly dotted ; Walker’s irOangens was based on an example of this 
colour-type according to the British Museum collection. Walker’s 
diagnosis is a joke : “ Nigro-oinereus, elytris cinereo substrigatis. Long. 
1}-1| lin.” In the rarer colour-form, described by Boheman as sutwalis, 
the elytra bear a broad pale stripe from the shoulder to the apex, the 
future appearing darker and the dots being more or less suppressed. 
Interme^ate specimens also occur. In the present series there are 9 
examples of the auiuraliaAotm, all among the specimens from North 
Salem. Such dichromatism occurs also in smne other species of Araeeerue, 
lor instance A. simtdlatus Gylh. 1833. The ^ of A. stUtaviia (both forms, 
of course) has a long pygidium. The larvae of Araeemte feed in seeds. 
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The locality richest ia Anthribidae is Fraserpet, whOTe 16 out of the 
17 species obtained during the Sandal Survey were founds the four 
localities in North Salem yielding only 9 species. Although the coUec* 
tion is small, owing to the restricted object of the survey, the (mreful 
labelling affords siune evidence as to the seasonal distdbutioa of Antfari* 
bidae in South India, as shown in the following table. 


Month 


I 

11 

ni 

IV 

V 

VI 

vn 

VIII 

IX 

X 

XI 

Xll 

1. Troplderes Becnrus . 


■ 

■ 

X 

■ 

, . 



, , 

, , 


, , 


2. Gibber calUefcuft 


1 

1 

K 

■ 


. , 


* * 

. . 




2. Zygaenodes homi . 


X 

H 

X 

X 

X 

X 



K 


X 

X 

4. , , antlaUus 

5. Unclfer basalis 


X 

X 

X 


»• 

X 

X 



X 

X 

X 

, , 

6, ,, piasodes 



X 





• ' 


. . 

V . . 



7. AtinelU senex gribea 


. . 


X 

X 

X 

X 


.. 

X 


X 


8. Physopterua analls » 


X 

X 



.. 

X 






X 

9 ExUlle aaper . 


X 


.* 

.. 

.. 

- 




X 

X 

X 

i.0 Basitropia haiiiata , 

1 


.. 

. 

.. 

X 

. . 

i 

. . 

.. 





11. Phloeobiua alternan*' 







X 

* • 






12. ,, albeaeens 


X 





X 







18. ,, brevitarsia 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

V 

14. ,, crassicollia 


X 


.. 



X 



> 




15. ,, -sautalinuH 


X 

X 

X 

X 

y 

1 


X 

X 




16 ,, ccylonlcut* 



X 

1 



X 

X 







17. Araererus soturalLs . 


X 

i 


• • 

X 


y ; 

X 

•• 


X 

y 

X 



10 ; 

7 

7 

5 

6 

1 

12 

2 

4 

6 

4 

■ 

5 


The species were most numerous in January and June. Several of 
them may be expected to occur in all months ; whether others are restric- 
ted to certain seasons cannot as yet be ascertained, the data available 
not being extensive enough for the solution of such a problem. 


MGIPC— M— III.2-116— 10-6-33— 600. 
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ENTOMOLOGICAL INVESTIGATIONS ON THE SPIKE 
DISEASE OF SANDAL (7). 

THE GENUS EXOCENTRUS, CERAMBYCIDffi (COL.). 

BY 

W. S. FISHER, 

Bureau of Entomology, United HMes Department of AgrieuMwe. 

This paper gives the results of a study of several collections of beetles 
belonging to the genus Exacenirus Miilsant, Oerambycidae, sub-family 
Lamiinae, received from the Forest Research Institute, Dehra D\in, 
United Provinces, India, and collected in conne<!tion with the Institute’s 
Sandal Insect Survey. 

[ The localities mentioned in this papiu' are : - 

COORO ; North Coorg Forest Division, within five miles of Fraserpet, 
elevation about 2,770 feet. 

MADRAS : North Salem Forest Division, within four miles of Aiyur, 
elevation about 2,800 feet ; Jawalagiri, elevation about 3,0,50 feet. 

For fuither details of the collecting stations of the Forest Research 
Institute Survey of the insect fauna of sandal, Santalutn album, Dinn., 
see Ind. For. Rec., Vol. XVII, Part IX. 0. F. C. B.J 

J. Exocentras flemingiae Fisher. 

Exocenirus flemingiae Fisher, Indian Forest Records, Ent. Ser., 1932 
Vol. XVI, pt. X, pp. 3, 4. 

One specimen of this species was collected on sandal at Aiyur, May 
27, 1931. 


2. Ezoooitros pabescens Fisher. 

ExocenJms jmbe^cenH Fisher, Indian Forest Records. Ent. Ser.. 1932 
Vol. XVI, pt. X, pp. 9, 10. 
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Specimens of this species trere coUeotedi at Jawalagiri, May 11-21, 
June 16, and July 11, 1930, and at Aiyur, September 23, 1930. 

3. Exocentnis vittatus Fisher. 

Exocenirm viUatm Fisher, Indian Forest Records, But. Ser., 1932, 
Vol. XVI, pt, X, pp. 12, 13. 

The type of this spercies was collected at Jawalagiri, May 30, 1930, 
and the two paratypes wei'e oolleoted at Fraaerpet, September 21 and 
October 6, 1930. 


4. Exocentms trifasciatus Fisher. 

EococerUras trifasciatus Fisher, Indian Forest Records, Eut. 8er.» 
1932, Vol XVI, pt. X, pp. 13, 15. 

Specimens of this species were collected at Fraserpet; March 26, May 
12-16, September 14, October 11, and November 14, 1930^ 

5. Exocentros santali, new species. 

Male , — Above and beneath uniformly brownish-yellow, and each 
elytron ornamented with three distinct, transverse, zigzag, whitish 
pubescent fasciae. 

Head strongly transverse and nearly flat in front, subequal in width 
to proTiotura at apex, flal^ between the antennal tubercles, which an* 
feebly elevated and widely separated ; surfac(* wifh a narrow, longitudinal 
groove extending frcnn e[)istoina to oc(*i|>ut, rather e.oarsely but; not very 
dens(‘ly grandiose, rather densely clothed with lotig, lecumbent, yellowish 
pubescence, with a few long, erect, brownish hairs intermixed ; mandi- 
bles brownish-yellow, blackish toward apices ; palpi dark brown, with the 
tips paler ; eyes large, deeply emarginate, and separated from each other 
on the top bv nearly twice the width of the upper lobe. Antenna slightly 
longer than the body, uniformly brownisli-yellow, sparsely clothed with 
short, recumbent, whitish and yellowish pubescence, with numerous 
long, erect hairs intermixed, rather densely ciliate beneath with long, 
erect, black hairs, and the joints feebly, narrowly annulated at bases 
with white pubescence ; first joint long, robust, cylindrical, slightly 
expanded at middle, and oxteudiiig to basal third of pronotjum ; third 
joint slightly shorter than first joint- and subequal in length to the fourth. 

Pronotum one and one-half times as wide as long, slightly narrower 
at base than at apex, and widest near middle ; sides arcuately expanded 
from apical angles to a small, acute tooth on each side just behind the 
middle (tooth short, slender, and pointing obliquely backward), then 
strongly, obliquely narrowed to the base ; surface feebly convex, feebly, 
broadly, transversely depressed along base, coarsely but not very densely 
granulose, sparsely clothed with long, recumbent, whitish pubescence, 
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whicli IS slightly denser at middle and on each side, and with a few long, 
erect, blade hairs intermixed, Scntellum broadly rounded at apex, and 
rather densely clothed with long, recumbent, whitish pubescence. 

Elytra nearly four times as long as prouotuni, and at base wider than 
pronotum at middle ; sides parallel from base to apical third, then arcua- 
tely narrowed to the tips, which are conjointly, broadly rounded ; 
disk moderately convex ; surface rather densely, coarsely, irregularly 
pnncta.ie from bases to apices, sparsely clothed with sliort, recumbent, 
brownish pubescence, with numerous long, erect, stiff, black hairs inter- 
mixed, and each elytron orriamented with wliite pubescent markings as 
follows : a broad, transversely arcuate fascia extending from humerus 
to sutural margin at basal thirtl, then narrowly along the margin to 
scutelliim, a narrow, transversely zigzag fascia at middle, a narrow, 
transverse, irregular fascia near apex, the fascia narrowly connected 
along sutural and lateral margins to the median fascia, and enclosing a 
large, irregular, dark spot. 

Beneath feebly, finely, densely punctate, rather densely clothed with 
long, recumbent, whitish pubescence, with numerous long, erect hairs 
on the legs ; last abdominal segment bi*oadly subtriinoate at apex. 

— Differs from the male* in having the last abdominal segment 
strongly convex, l»roadly. arciiately (‘inarginaie at ap(‘x, and broadly 
([(‘pressed Ix^hind tlu^ api(*al margin. 

L(U)gtJi, 5*2 inin.; width i-8 mm. 

Type hcalUy, — Madras : North Salem, Jawalagiri. 

()ther locality, ‘ Madras : Palghat, Sappal (J,7dd feet (d(‘va1i(m). 

Type. — Britisli Museum, Allotype, — United Stat(‘s National Mus^uim, 
VVasliington. 

Ihxscribe.d fnun a male ami hunah* (mal(‘ iyjM‘). Tin* male was 
('oll(M*te(l at llui ty|)(‘ locality Oefotn'r 7, in conn(‘ction with <lu‘ 

Forest Be, search Institute Sandal las(H;t Survey, and the fimiah^ was 
reared from dry sticks collected at Sappal, Octobcu' 5, 1930, by J. 0. M. 
Gardner. The allotype is more reddish-brown than the typ<% and the 
white pubescent markings on the elytra are slightly rublxMl. 

This species resembles dalhenjiae Fisher, but that species differs from 
smdah in having th(^ head and })ronotum more d(‘ns(*iy granulose, tlu^ 
erect hairs on dors *1 surfac<' of body much longer and more (amspicuous, 
the tooth on each side of tJie pronotum pointing almost directly back- 
ward, the eyes more narrowly separated from each other on the top, 
and the white pubescence forming more or less distinct designs on the 
pronotum. 


6. Exoeeatrus beesoni^ new species. 

Mule, Above and beneath uniformly dark reddish-brown, and the 
elytra irregularly variegated with small, whitish pubescent spots, 



sti?0Bgly md SkI in imiii, ita 

to at ajNix, mmmt h^iimh llio natis^ 

tatetde«t wbioli are derated and a^defy ae|>eraled t 

with a narrow, longitndfetal groove eatendii^ frnta ef i^taa ta 
rather coarsely bat not very densely granniose, rather donuely db^ed 
with long, recnmbent, whitash and yeHowisb |wbb9oen!^, Wilh a few 
long, erect, brownish hairs intermixed ; mandible# reddi8h-b0own, widi 
the tips black *, palpi brownish-yellow, with the tips slightly |Mder t ejW 
large, deeply cmargmatc, and separated from each other on the t# by 
nearly twice the width of the upper lobe. Antenna oonddoraWy longer 
than the body (broken), uniformly dark reddish-brown, sparsely efothsd 
with moderately long, recumbent, whitish pubescence, with a few fong, 
erect hairs intmnixed, rathei* densely ciliate beneath with long* erect* 
dark brown hairs, and the joints feebly, narrowly annnlated at haaes 
with white pubescence ; first joiut long, robust, cylindrical, slightly 
expanded at middle, and extending to basal third of pronotum ; third 
joint slightly shorter than first joint, and subequal in length to the 
fourth, 

Pronotum one and one-half times as wide as long, slightly narrower 
at base than at apex, and widest at middle ; sides arcnately expanded 
from apical angles to a small, acute tooth on each side at middle (tooth 
moderately long, rather slender, and pointing almost directly backwotd) 
then strongly, obliquely narrowed to the base ; surface feebly convex, 
feebly, broadly, transversely depressed along the base and anterior 
margin, rather coarsely but not very densely granulose, rather densely 
clothed with long, recumbent, whitish and biownish pul>escence, the 
uhite pubescence moie distinct on median part and toward the sides, 
and with a few huig, erect, daik brown bans intermixed. Simtellum 
broadly rounchd at wpex, and rather <lensely clothed with long, reciun- 
bent, whitish pubescence. 

Klytra three and one-half times as long as pronotum, and at base 
distinctly wider than pronotum at middle ; sides parallel from base to 
apical third, then arcnately narrowed to the tips, which are conjointly, 
broadly rounded ; disk moderately convex, and slightly imeven ; surface 
coarsely, iiTegularly punctate, more densely basally, sparsely clothed 
with rather short, recumbent, brownish and yellowish ptbescence, tvith 
a few long, erect, stiff, black and brownish hairs intermixed, and iitegtt* 
laxly ornamented with numerous small, white pubescent spots, 

Bcmeath feebly, finely, densely punctate, rather densely dotibed with 
long, recumbent, whitish pubescence, with numerous long, eWit kfcSrs 
on the legs ; last abdominal segment broadly rounded or 
at apex. 

Female.— Differs from the male in having the last iMcmnal mffmA 
strongly convex, and broadly, arcuatefy at apax. 



’'J" ^ ..... 

SiA# wid^ nun, , 

: Hinrt^ Salem, Aijrtv, 
dUo^fpi.^^Vmtei Stwtaa Hatatmal Museum, 

lUd ’female (male wluoh yrm, e()ileoted 
Mil lbs lood^'i Octobm 17 and NovemW 9, 1930, in ooaasetion 
Iba fiaiMil Bw^eaznh Institute Sandal Insect Survey, In tiie aHo* 
%J»e the ilrMts pabmtosnt marlringB on the elytra are more distinct titan 
la titetj^ 

This a^peoies is allied to eShog^uMtus Fisher, but that species differs 
from fiee^n^ in hating the white pubescent markings on the elytra more 
distinct, narrower, mxmiged mhmgitadmal rows, and each elytion oma* 
mented with an obSqudly transverse, whitish pubescent fascia behind 
the middle. 
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El w a o Uni « d l Iwn m i g atiwM m A* 1^^ Jin*n» df SttAid 

Thiirty-aix species of Ciucabidae were ooBected cm f(Biagfi of sandal, 
Stmkikm aO»m, in Cioorg and Korth Salem, Madras, South India, during 
the ooum of the Sumy of the mseot htuna of tibat tree carried out by the 
Forest Iteseaioh Instiltute. 

The fidlowing 16 new species are described :—<)a^2o&us mgum, 
(North Sidem) ; fading galemm (N. Salem) ; Bmdwms miMm (N. Salem 
and Dehra Bon) ; Bokoderuu figmt (N. Salem and Oeylon), IT. cmmOus 
(Oooig), H. supedm (Cooi^, Ndambur and NBgiris) ; Dromms Mpnodes 
(Coatg, N. Sal^ and Mysore) ; Msophilus beesoni (Coorg), M. garinm 
(€ooig), R. ochroides {Cwag and Behia Bun); Pentt^onim wnusta 
(Coorg, Mysore, Mangabre, Belgaum, etc.), Zebia ocdkOa (N. Salem), 
L. Imigera (N. Salem, Nilgiris, and Ceylrm), L. epUppiata (N. 

Salem), L. oampmia (N. Salem, Nilgiris, Palnis, Bombay, Central Pro- 
rinoes, Bengal). 
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CARABIDAE (CoL) 


BY 

H. S. AM)RBWB8, 

London. 

In the course of the surrey of the insect fauna of sandtid, Santalum 
aUnm Liun., by the Forest R^»eaxch Institute, some thirty-six species 
of Carsbidae have been collected upon the various sample plots in the 
sandal area, bat it is doubtful whether any of them has a direct connex- 
ion with this species of tree, and plots in the same region, but in the 
vicinity of other trees, would probably have produced a omikr mp. 
Nevertheless at least Dromitu, Ldia, and RisofMus are known tree 
frequenters, and a considerable {uroportion of the specimens found belong 
to the various species ci these thr^ genera. The remainder, so &r as 
my knowledge goes, appear to be ground beetles only, but all are pre- 
datory and no doubt useful in chewing the spread of various pests. 

1 Ihe localities mentioned in this pap» are 
OOORG : North Coorg Forest Division, within five miles of Fcaserpet, 
elevation about 2,770 feet, Sample Plots, Nos. 1 to 7. 

MADRAS : North Salem Forest Division ; within four miles of Aiyur, 
elevation about 2,850 feet, Sample Plots, Nos. 15 to 21 ; Denkanikota, 
elevation about 2,900 feet ; Devarbetta, elevation about 8,240 feet ; 
Jawalagiri, elevation about 3,060 feet, Sample Plots, Nos. 8 to 14 ; Noga- 
nur, elevation about 2,900 feet ; Uduparani, elevaticm about 3,090 feet. 

for further details of the oofiecth^ stations of the F<»est Research 
Institute Survey of the sandid insect association, m Ind. For. Rees., 
Vol. XVII, part IX, C. F. C. B.] 

the jWkrtrmgw a list of the species, of which no less than seventeen 
are niew j the exani^les of two of titiese new i^peotes are in a pom: state of 
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preservation, but the remaining fifteen have been described and the de- 
scriptions will be found at the end of the list. Two keys have also been 
added to aid in the discrimination of the various species of Holcoderm, 
and Risophilus, and a plate will be found among the illustrations to aid 
in the determination of the various species of Lebia. As my Catalogue 
of Indian Carabidae has recently appeared, it seems unnecessary in the 
enumeration to add synonyms and additional references and consequently 
only the original reference is given in each instance, with a note after 
each species indicating its distribution. The types of all the new species 
have been placed in the British Museum. 

Two single specimens, one of Callistominius coarctatus liaf., the other 
of Mastax vegeta Andr., were also included in the collection, both labelled 
“ Fraserpet These species, as far as I know, are both confined to the 
Himalayas, and, as I am informed that in February 1930 colle<ttions 
from Dchra were being mounted at the same time as the sandal matoial, 
I feel little doubt that the specimens in question were actually found in 
the neighbourhood of Dehra Uun and were labelled Fraserpet by 
iiiadvertenc(\ In the circumstances I. have omittcnl them from the 
enumeration. 

The drawings for Plate No. Ill were prepared in England by Miss 
0. F. Tassart ; all the other drawings were made at Dehra Dun by 
Mr. J. B. Singh. 


Enumeration ov the Species. 

1. Oxylobus lateralis Dej. Spec. Gen. I. 1825, p. 400. 

Devarbetta, 28-III-1930, 1 ex. found on the giound ; Jawalagiri, 
26-IV-1930, 1 ex. A common species throughout South India and 
Ceylon. 

2. Oxylobus exiguus sp. nov. (vide p. 0). 

3. Tachys politus Motch* Bull. Mosc. 1851. II, p. 509, var. iwpiUitus 

Andr., Revision of the- Oriental Spccie.s of the genus Tachys, Ann. 
Mus. Civ. Gen. LI, 1925, pp. 406 and 449. 

Fraserpet, 10-11-1930, 1 ex. Very conamon throughout S. E. Asia, 
excluding Japan. 

4. Tachys blandus Andr., in Mission Babault, Carabidae, 1924, p. 85, 

t. 1, f. 8. 

Fraserpet, lO-V-1930, 1 ex. Fairly common throughout TwHh 
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5. Tac^sv satemos sp. hot. {vide p. 6). 

6. Taohys fniuigatiu Motch, Bull. Mosc. 1851. II, p. 509. 

Fraserpet, plot 3, 20-XII-1930, 1 ex. Oue of tlio (iomniooest specicB 
in the East, fotiiid throughout S. E. Asia and the Malay Archipelago. 

7. Anthia sexguttata F. Syst. Ent. 1775, p. 236. 

Dcvarbetta, March 1930, 1 ex. Common throughout the plains of 
India. I did not sec tliis specimen. 

8. Amblystomus indicus Nietn. Ann. Mag. Nat. Hist. (3). II. 1858, 

p. 128. 

Uduparani, 28-1-1930, 3 ox. taken at light. A common insect, 
described from Ceylon and wid<dy spread also in Southern India. H. W. 
Bates mentions as other localities Cliota Nagpur, Burma, and Indo- 
China, while Mr. T. G. Sloane gives Australia : these identifications 
appear to rocpiire confirmation. 

9. Amblystomus punctatus Bates. Ann. Mus. Civ. Gen. XXXll. 1892, 

p. 335. 

Jawalagiri, plot 14, 2-111-1931, 1 ex. Fairly common throughout 
Central and Southern India, Ceylon, and Burma. 

10. Amblystomus np, 

Fraaerpet, plots 1, 3 and 6, lO-Vl-1930 — 22-V-1931, 5 ex. 

11. Amblystomus Ksp. 

Fraserpet, plots 2, 4 and ti, 21-VI-1930 — 17-IX-1930, 0 ex. 

12. Amblystomus sp. 

FravSerpet, plot 6, lO-lX-1930, 1 ex. Of the sev<‘n species of Amhhjs- 
iomus described by Motcluilsky, none has yet b(*en satistaetorily identified. 
The descriptions axe gcuierally futile, and, beftue new species are des- 
cribed, it wSeems desirable to wait until his type specimens ai*e available 
for examination.* 

13. Abacetus submetallicus Nietn. Ann. Mag. Nat. Hist. (3). II. 1858, 

p. 177. 

Fraserpet, 10-11-1930, 1 ex. Fairly common tliroughout India, 
Ceylon, Burma, and Indo-China. 

♦ Since tbo above \va6 written I have had the opportunity of seeing Motchulsky’s types 
of this genus, and some obsor\atioim on them will be found in Trans. Knt. Soe., Lend. 
lS)a3, pp. 3 ef seq. 
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14. CiolpodiM sp. nov. 

Fraserpet, plots 1 and 6, 21-2G-XI-1930, 2 ex., in very poor condition. 
The genus has almost a world-wide distribution in the tropics, and S. E. 
Asia, particularly the Malay region, is very rich in species. 

15. Brachinns iordidos sp. nov. (vide p. 7). 

16. Omphia atrata King Jahrb. Ins. 1834, p, 72. (1) 

Uduparani, 28-1-1930, 1 ex., which does not quite agree with the typi- 
cal form. Bengal, Central Provinces, and Madras, but probably more 
widely distributed, 

17. Orthogonitts femozalis Chaud. Bull. Mosc. 1848. 1, p. 99, 

Jawalagiri, plot 8, 2-VI-1930, 1 ex. Confined to Southern India. 

18. Orthogoolus sp. nov. 

Aiyur, plot 19, 21-X-1930, 1 ex., in poor condition. The species of 
this genus are found in termites’ nests. 

HOLCODERUS. Key to the Indian and Singhulest* speeies (vid" J'. H). 

19. Holcodenis flssus sp. nov. (vide p. 9). 

20. Holcodenis carinatus sp. nov. (vide j). lo). 

21. Holcoderus superbus sp. nov. (vide p. lo). 

22. Coptodera transversa Schm. Uoeb. Faun. Col. Birm. 1846, p. 54. 

Aiyur, 16-VII-1930, 1 ex. Not apparently common, but widely 
distributed in India, Ceylon, Burma, Indo-China, and the Malay region. 

23. Dromitts capnodes sp. nov. (vide p. ll). 

UlSOPHIIiUS. Key to the spiscics found in India, Ceylon, and Burma 

(vide ]). 12). 

24. Risopbilus enproctoides Bate?. Ann. Mag. Nat. Hist. (3). XFll. 

1886, p. 209. [ Plate II, fig. 3.] 

Fraserpjt, plots ], 2, 3, 4, 6 and 7, 25 ex.; Jawalagiri, plots 8, 10, 11, 
11 aol 14, 9 ex. ; Aiyur, plots 16, 19 and 21, 8 ex. Specimens were 
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found practically throughout the year. The species was doscrib<!d front 
Ceylon, and has also been met with in the Nilgiri Hills. 

25. Biaophiliu beesoni sp. nov. (vide p. 15). 

26. RisophUusgardneri sp. nov. (vide p. 16). 

27. Biaoi^iliM oohroides sp. nov. (vide p. 17). 

28. Calleida sptendidtila F. 8yst. Eleuth. 1. IHOI, p. 184. 

Aiyur, 3-IV— 23-V-1930, 2 ex.; Denkanikota, 28-V-1930, 1 ex. 
(a variety), ('onunon throughout S. E. Asia, excluding Japan. 

29. Parena nigroliueata Chaud. Bull. Mosc. 1852. 1, p. 44. 

Aiyur, 16-V-1930, 1 ex. ; Fraserpet, plot 2, 20-XII-1930, 1 ex. Fairly 
common throughout S. E. Asia, including Southern China and Japan. 

30. Pentagonica ruficoUis Schm. Goeb. Faun. Col. Birm. 1846, p. 48. 

Fraserpet, 29-VI1-1930, 1 ex. Not common, but widely spread 
through S. E. Asia and through the Malay Archipelago to Australia ; 
there is, however, no record of its occurrence in China or Japan. 

31. Pentagonica venusta sp. nov. (vide p. 17). 

LEBIA. Illustrations of the species found in India, Ceylon, and 
Burma (Plate 111). 

32. Lebia campania sp. nov. (vide p. 2U). 

33. Lebia ephippiata sp. nov. (vide p. 2U). 

34. Lebia lonigera sp. nov. (vide p. 19). 

35. Lebia ocellata sp. nov. (vide p. 18). 

36. Ti ebi a dichroma Andr^ Spol. Zeyl. XII, 1923, p. 249. [Plate 111, 

fig. 1.] 

Aiyur, 10-12-VI-1930, 2 ex. Occurs rather sparsely through India 
and Oeylon. 
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Ozylobos exigans sp. n. [ Plate I, fig. 4.] 

Length : 11 mm. Width : 3 mm. 

Head wide and rather flat, frontal impressions short but deep, diverg- 
ing behind, front a Httle uneven, some coarse punctures at sides behind, 
neck constriction fairly deep at sides only, eyes moderately prominent ; 
labrum bisetose, the median lobe projecting forward beyond the lateral 
lobes, clypeus bidontate in front, the median part with a deep semi-cir- 
cular depression on each side, clypeal suture fairly deep. Predhorax 
quadrate, as long as wide, and only a little wider than head, base some- 
what rounded, apex widely emarginate, front angles a little rounded, 
sides nearly parallel, slightly emarginate, with two setae on each side 
in front ; median line fine, deeper close to base, basal channel deep, 
the foveae obsolete, lateral eliannel rounding front angle, within which 
is a deep rounded pore, transverse impression fairly deep and a little 
creuulate. Elytra as wide as prothorax, rather less than twice avS long 
as wide, cpipleura coarstdy punctate ; 8-striate, striae very deep, dorsal 
ones with closely placed rounded punctures, 1, 2 and 5 free at base, 
3 joining 4, 7 and 8 lying together in the marginal cliarmel, 7 visible only 
towards apex ; intervals forming rounded costae, 1 and S slightly wider 
than the others, 5 and 6 somewhat carinate along inner margin, 7 very 
narrow and carinate throughout, but not nearly reaching apex, 3 with 
a pore not far from apex. Prosternum rather sparsely punctate in front, 
metepisterna coarsely punctate ; ventral segments coarsely punctate, 
chiefly at sides, a shallow longitudinal depression in front, just behind 
the mesocoxae, and a mu(?h deeper one on the middle of the apical segment. 

This species, the smallest at prescuit known in the genus, is allied to 
0. lirifer Andr., but the liead, apart from the impression noted above, 
is smooth and even, the neck (^onstric^tion slighter, the pimcturation less ; 
the sides of the prothorax are parallel and the transverse impression is 
deeper ; on tlie elytra tlie striae are narrower, with smaller puncjtures 
in them, the intervals more nearly equal, 3 with a much smaller por(‘-. 
Madras : North Salem, Aiyur, 26-1-1931, 1 ex. ‘‘ undergi^oimd 

Tachys salemus sp. )i. [ Plate I, fig. 6.] 

Length : 3-3*2 mm. 

Black, joints 1-4 of antennae, palpi, legs, and two fairly large spots 
on each elytron ferruginous to flavous, joints 5-11 of antennae fuscous, 
Head with duplicated frontal furrows, the inner pair shorter than the 
outer, eyes prominent, raentum without pores, antennae stout but 
not moniliform, joint 2 —3. Prothorax convex, a half wider than long, 
base a little wider than apex, sides rounded in front and sinuate at a 
little distance from base, hind angles right with a distinct carina ; basal 
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sulcus deep, rather indistinctly crenulate, interrupted on each side of 
the central pore with which the fine median line terminates. Elytra 
short and convex, border forming a scarcely perceptible angle at shoulder ; 
two faintly crenulate dorsal striae, 1 reaching apex and a little longer 
than 2 in front, where both terminate not far in front of the first pore, 
2 extending a little way behind the second pore, 3 when viewed sideways 
just visible between the two pores, 8 deep throughout, striole on middle 
of elytron, the pore within it and half way along it, dorsal pores on stria 
3, at a third and three-fifths. No microsculpture. Piosteriium sulcate, 
metasternal process sharp, with an arcuate groove behind it. 

Very nearly alli<*d t() nahfiodes Andr., but a little larger and longer, 
the apical joints of the elytra fuscous, tlie spots on the elytra much 
more distinct ; the head and prothorax liardly differ, though the basal 
sulcus of the hitter is not so deeply impr(\sse(l on eacli side of the central 
pore ; the elytra are slightly, though evidently longer, the dorsal striae 
faintly ar(‘uate, instead of straight, the vestige of 3 fainter and visible 
only between the pores, 

Madras : North Salem, Jawalagiri, 15 and 18-111-1930, 2 ex. 


Brachiims sordidus sp. n. [Plate I, fig. 5.] 

Length : 10 mra. Width : 4*2 mm. 

Ferruginous, the elytra and venter black, joints 6-11 of antennae, 
lateral borders of prothorax, and metepisterna infuscab*, legs flavous. 

Body winged and (*.ovcred with a fairly tlense yellowish pubescence. 
Hfml with the frontal foveae moderately fleep, finely and irregularly 
striate at sides, (‘yes large and prominent, antennae long, stout, reaching 
middle of elj’tra, last joint of palpi trun(*ate at apex, vert<^x nearly smooth, 
surface elsewh(‘re fi».ely and not closely punctate, with some larger 
punctures on each side l>e]iind. Prolhnrax cordate, barely wider than 
head and only an eighth wider tlian long, base a little narrower than apex, 
sides rounded in front, strongly contracted behind and sinuat e at a fourth 
from base, front angles somewhat rounded, hind ones right but not v'^ery 
sharp, projecting faintly laterally ; median line fine in the middle, deeper 
at extremities, basal foveae rounded, rather shallow, surface rather 
closely j)unctate. Elytra (‘onvex, a little more tlian twice as wide as 
prothorax, about a third longer than wide, strongly contracted in front 
and widest at apical third, shoulders not rounded away, sides roimded, 
apex with a fairly deep re-entrant angle, the pah' membranous margin 
without either long setai' or any appreciable fringe of minute hairs ; 
striae very vaguely pum^tate, intervals a little raised but not eostate, 
the surface very finely, though not very closely, asperate-puncUtc, 
Microsculpture very fine and isodiametric, clear on the elytra, indistinct 
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ekewkere. Prosternum densely covered with long hairs ; metepisterna 
long and narrow. 

In size and shape very like B, salurellm Chaud., but the elytra are 
uniformly black, instead of blue with a red suture, tlie prothorax is 
longer and a little more contracted behind, the elytral intervals less 
raised. 

Madras : North Salem, Uduparani (N, C, Chattetjee)y 28-1-1930, 
1 ex. on wing (hind legs wanting). United Provinces : Dehra Dun 
(//. G. Champion), i ex. It seems possible that the type specimen has 
been labellerl “ Madras ’’ by inadvertence, and that both specimens 
came from Dehra Dun. 

Key to the. Indian and Singhalese spexies of HolCOdorcUlU 

1 (8) Elytra with 3 pores on interval 3, 

none on 5 ; colour of- upper 
surface chiefly black, ihietallic 
green or aeneous. 

2 (5) Prothorax with the median line 

bordered ; elytra subconvex, with 
a tooth on each side at apex 
opposite stria 2. 

3 (4) Head impunctate ; elytra with very 

large dorsal pores, uniformly aeneous 

(Ceylon) ..... pmemutsas (JhauJ,^ 

4 (3) Head punctate ; elytra with small 

dorsal pores, purplish, with the 
sides metallic green (»South India 
and Ceylon) .... fissus sp. n.'** 

5 (2) Prothorax with the median line unbor- 

dered ; elytra rather flat, without 
teeth at apex. 

0 (7) Prothorax finely and sparsely punctate, 
a Carina rumiing along each side 
within the border ; elytra with the 
two front pores very large. Length 
8*5 mm. (South India) . . . mrinaim sj). n.^ 

7 (b) Prothorax conspicuously punctate, 
without lateral carinae ; elytra with 
small dorsal pores. Length about 
0*5 mm. (North India) . . , aeripetmis Andr,^ 

^ Ann. 8oc. Ent. Bolg. XU. 186a, p. 153. 

2 8ee p. 9. 

® See p. 10. 

® Ann. Mag. Nat. Hist, (10), VII. 1931, p. 319. 
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8 (1) Elytm with 6 very simll pores on in- 
terval 3, 2 on interval 6 ; colour of 
upper surface brilliant, that of 
elytra formed by concentric ellip- 
tical rings of alternate violet and 
cupreous green (South India) . , superbus sp* 

Holcodenis flssas sp. m [ Plate I, fig. 1.] 

Length : 6*6-7 mm. 

Piceous, iipper side black with faint purplish reflections, elytral 
intervals 6-8 covered by a metallic green stripe, which towards apex 
extends to interval 9 and the inner intervals. 

Htad moderately convex, frontal impressions short and shallow, 
bounded externally on each side by a fine carina, which curves round 
behind to the back of the eye, neck constriction obsolete, labrum and 
clypeus impiaudato, elsewhere finely and rather sparsely luinctate, eyes 
large and fairly prominent, antennae slender, just reacdiing base of 
prothorax. Prothorax convex, subquadrate, a little wider than head 
and quite a third wider than long, base produc(‘d backwards at middle, 
sides with a narrow reflexed border, straight in front and behind, an 
angle at a third from apex, where there is a pore and seta, another at 
front angle, and a third just before hind angle, where there is a slight 
iTidentation in the border, hind angles sharp but a little obtuse ; median 
line wide and fairly deep, with a wide border, hind transvers(‘ impression 
and the rounded basal foveae fairly deep, surfac^e — except that of median 
line— rather densely punctate. Elytra rather flat, a fourtli wilder than 
prothorax and three-foartlis longer than wide, shoulders very square, 
only slightly dilated behind, truncate and tri-emargiriate at ajiex, an 
obtuse tooth on <wli side opposite the end of stria 2 ; striae moderately 
deep, finely punctate, the punctures disapjiearing on 1-3 towards ajiex, 
a small pore on each side of scutellum, intervals a little (convex, 7 narrower 
than the rest and subcostate, 3 with two large pores at a fourth and a 
half, adjoining stria 3, a third and much smaller one near ajx^x, ad- 
joining stria 2, surface subsericeous. Microsculpture isodiametric 
throughout, the meshes larger and more conspicuous on the elytra 
than on the head and prothorax. Proepistenia coarsely punctate ; 
metepisterna elongate ; last^ ventral segment finely and sparsely punctate 
and pubescent, with tw'o marginal setae on each side {$) ; claw^s with 3 
or 4 small deuticulations on each side. 

Madras : North Salem, Uduparani, 31-V-1930, 1 ex. (type). 
Ceylon : Horawapotana ((?. M. ifez/ry— Colombo Mus.), 1 ex. ; Pera- 


' See p. 10, 
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deniya, 26-VIII4910 (Indian Mus.), 1 ex. All the specimens are ap- 
parently $$, 


Holoodenia carinatays sp. n. [ Plate I, fig, 3.] 

Length : 8*5 mm. 

Black, upper surface aeneous, the head and prothorax much darker 
than the elytra ; palpi, base of antennae, and legs more or less ferruginous. 

Head wide, frontal impressions subrugose, deep in front, bounded 
by a Carina op e^ch side, neck constriction moderate, deeper at sides, 
surface finely and sparsely punctate, nearly smooth on vertex, eyes 
rather flat, antennae fairly stout. Prothorax convex, subcordate, a 
little wider than head, a fourth wider than long, sides with a narrow 
reflcxed border, straight in front, slightly sinuate before base, subangulate 
at a third from apex, lateral setae as in superbus (middle and hind setae 
abraded), liind angles right but a little rounded, somewhat reflexed ; 
median line wide but not bordered, pointed in front, basal foveae deep, 
a well marked carina running on each side from near front angle parallel 
with sides to a third from a fovea on each side of disk a little before 
middle, surface finely and sparsely punctate. Elytra rather flat, two- 
thirds wider than prothorax, and as much longer than wide, a little com- 
pressed at a third from base and thence slightly dilated, apex truncate 
and bi-emarginate ; punctate-striate, both striae and punctures shallow 
on disk, fairly deep at sides and behind, stria 7 as in superbns ; intervals 
slightly convex on disk, more convex at sides, 7 carinate at middle, 3 
with three conspicuous pores, surface ratlier shiny, with a few minute 
irregular punctures, transversely depressed behind base. Microsculp- 
ture of elytra consisting of fine transverse lines, forming very wide meshes ; 
on the prothorax tlie meshes are similar, but finer and fainter ; on the 
head they are isodiametric but hardly visible. Underside very finely 
and sparsely punctate, the pro-episterna more coarsely punctate ; met- 
episterna long and narrow ; last ventral segment sparsely pilose, with 
two marginal setae on each side ($) ; claws with 3 deiiticulations towards 
base on each part. 

CooRG : Fraserpet, 17-V-1930, 1 ex. ($). 


Holcoderos saperbas sp. n. [ Plate I, fig. 2. ] 

Length : 9 mm. 

Black beneath, upper surface brilliant ; head and prothorax cupre- 
ous-green, with violet patches, elytra with an oval purple patch on disk 
(longer axis longitudinal), surrounded by alternate elliptical rings of 
violet aud cupreous-green. 
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Head wide, frontal impressions short but fairly deep, bounded on each 
side by a carina, which disappears behind the eye, neck constriction slight, 
surface smooth, a few small punctures behind vertex, eyes large and 
fairly prominent, ant^ennae slender. ProtJwrax convex, subcordate, 
barely wider than head, a third wider than long, base slightly produced 
at middle, bordered, sides with a narrow reflexed border, rounded in 
front, but slightly angulate at a third from apex, sinuate behind, a 
seta on^front angle, and a few small hairs close to it on front margin, a 
second seta at a third from apex, and a (presumably setiferous) pore 
on the hind angle, which is sharp, right, and somewhat reflexed ; median 
line wide but not bordered, pointed in front, front transverse impression 
at sides, hind impression, and basal foveae all moderately deep, last- 
named continued forward, nearly parallel with sides, to join tht‘ front 
impression, surfac/e finely and indistinctly punctate. Elytra moderately 
convex, a fourth wider than prothorax, nearly twic^e as long as wide, 
shoulders square, sides parallel but slightly compressed behind shoulders, 
apex truncate, bi-('marginate and also with a small n^-entrant angle at 
middle ; punctate-striate, lightly on disk, more deeply at sides and apex, 
stria 7 curving round behind th(‘. others to apex ; intervals only 
moderately convex, even at sides, with five poK^s, 5 with Iwo por(‘S, 
both on front half (only one visible in the (‘o-type), surffice rather shiny. 
Microsculpture of elytra isodiamctric, conspicuous, none on head or 
prothorax. Underside very finely and sparsely puiu tate and pubescent ; 
proej)isterna coarsely punctate ; raetepisterna elongate ; last ventral seg- 
ment (<J $) witli two marginal setae on each side ; claws with 3 or 4 
denticulations on the middle of eacli part. 

CooR(i : Fraserpet, Plot 6, 3-X1J-1930, 1 ex. Madras : Nilambur, 
Blenjeri (S. K, Pilhi), 18-V-1925, 1 ex. ? (type) ; Nilgiri Hills {H. L. 
Atidrewvs — my collection), 1 ex. Although the Nilambur example is 
a $, I have made it the type because the other two are such j)oor sjK^c-i- 
raens. 


Dromius capnodes sp. n. [Plate II, fig. 6. ] 

Length : 4-25-5 mm. 

Piceous, underside variable and often pale ; head and prothorax 
dark brown, the latter rather lighter at sides and base ; palpi and 
antennae ferruginous ; legs flavous. 

Head small, the surface minutely punctate, frontal foveae short and 
shallow, a slight fov(^a on each side of vertex, eyes not very prominent, 
antennae submouiliform, K'aching rather beyond base of elytra. 
Prothorax convex, a fourth wider than head and as much wider than long, 
base truncate, mu(*k wider than ai)ex, front angles rounded, sides narrow- 
ly bordered, a little reflexed, explanate beliind, rounded in front, only 
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faintly contracted and equally faintly sinuate behind, a seta on hind 
angle, none in front, bind angles right ; median line fine, hind transverse 
impression and basal foveae moderately deep ; surface minutely punc- 
tate, with a few tiansverse wrinkles. Elytra flat, subquadrate, three- 
fourths wider than prothorax, a half longer than wide, apex truncate, 
basal border reaching stria 2 ; striae shallow, finely and indistinctly 
punctate, intervals nearly flat, 3 with a single pore near apex, 7 with 
half a dosien pores, adjoining stria 6. Microsculpture very distinct, 
the meshes isodiametric on head and elytra, slightly transverse on aver- 
age on the prothorax. Last dorsal segment emarginate on each side ; 
last ventral segment a little emarginate at middle and in the $ with 
a deep longitudinal depression, ^ with 2 marginal setae, ? with 3 on each 
side, the outermost in both sexes longer than the inner ones ; claws 
with 4 denticulations on each side. 

Very similar in colour to 1), orthogoni aides Bates, but much smaller, 
the labial palpi pointed, not obliquely excavat^-truncate at apex ; the 
prothorax is nairower, its sides slightly sinuate behind, the elytral striae 
very shallow. 

CooRG : Fraserpet, plots 1, 2, 3 and 6, 31-X- 24-XII-1930, 3 ex. 
Madras : North Salem, Noganur, 23-V-1930, 2 ex, (inch type) ; Aiyur, 
plots 15, 17, 18, 19 and 20, II-Xl-1930, 17 ex. ; Jawalagbi, plots 8 and 12, 
11-VI, J-IX, and 15-XM930, 4 ex. Mysore: fhikkaballapura (f. V. 
(JamjMl — my colh), 1 ex. 


Key to the species of Risophilus in fndia, Ceylon at)(l Burma 

1 (28) Elytra with two, usually conspicuous, 

dorsal pores on interval 3. 

2 (15) Sides of prothorax not, or only gently 

sinuate behind, the hind angles 
projecting very litih*, if at all, 
laterally, 

3 (0) Prothorax not contracted behind, 

widest at base, upper surface piceous 

4 (5) Upper surface glabrous, elytra rather 

flat, nearly twice as long as wide, 

uniformly piceous (Ceylon) . . fuscus Motoh.^ 

5 (4) Upper surface sparsely pilose, elytra 

convex, only a half longer than wide, 
piceous but with a pale apical border 
(Madras) macellus Andr.® 


» Etudes Ent. VIII. 1859, p. 28, t. 1, f. 2. 

» Ann. MAg. Nat. Hist. (9). XIX. 1923, p. 454, 
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6 (3) Prothorax contracted behind, not 

wider at base than in front. 

7 (14) Elytra moderately dilated behind, the 

shoulders square, or at least evident, 
marginal channels of normal width. 

8 (13) Elytra moderately convex, more than 

a half longer than wide, the striae at 
least moderately impressed, antennae 
pale. 

9 (10) Elytra with intervals 7 to 9 much 

narrower at base than the inner 
intervals, head with a deep fovea 
at each side of front, head and 
prothorax brown, elytra ferruginous, 
with a dark shoulder stripe on each 
side (Ceylon) .... jnellcua Batcs.^ 

10 (9) Elytra with approximately equal in- 

tervals (9 narrower), head not deeply 
foveolate. 

11 (12) Elytra with deep punctured striae, 

which, like the dorsal pores, are 
darker than the surrounding sur- 
face, colour dirty yellow, length 
5-6 mm. (North East India, Burma, 

Indo-China, Formosii) , , . luridus Schm. Goeb * 

12 (11) Elytra with the striae and dorsal pores 

not differing in colour from the sur- 
romiding surface, colour variable, 
from ferruginous with two pale 
spots on each elytron, to uniform 
piceous, length 4-4*5 mm. (South- 
ern India and Ceylon) . . , euprocloides 

13 (8) Elytra convex, a half longer than wide, 

the striae very lightly impressed, 
joints 4 to 1 1 of antennae and upper 
surface piceous (Madras) . . pdlus Andr.** 

14 (7) Elytra strongly dilated behind, the 

shoulders rounded away, the margi- 
nal channels explanate, disk ferrugi- 
nous, margins brown (Ceylon) . repan^dem Walk.^ 

” 1 Aim. Mag. Nat. Hist. (5). XVH. 1886, p. 208. 

• Faun. Col. Birm. 1846, p. 36. 

» Ann. Mag. Nat. Hist. (5). XVII. 1886, p. 209. 

• Ann. Mag* Nat. Hist. (9), XII. 1923, p. 466. 

• Ann. Mag, Nat. Hist. (3). III. 1869* p. 61. 
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15 (2) Sides of prothorax strongly simiate 
near the hind angles, which project 
on each side as a sharp tooth. 

10(21) Prothorax widest at base, the hind 
angles projecting far on each sid(‘ 
as a very sharp tooth. 

17 (18) Sides of prothorax faintly rounded in 

** front, colour piceous, elytra dark 

ferruginous, clouded round Bciitel- 
him and lowards apex, length 5 mm. 

(Coorg) ..... beefioni sp. n.^ 

18 (17) Sides of prothorax moderately rounded 

in front, colour flavous, head and 
prothorax darker, elytra with tlie 
suture and a post-media^ fascia- 
piceous, length 4 mm. 

19 (29) Klytra with intervals 1 and 2 on each 

side, also 3 near base and a fairly 
deep post -median fascia, generally 
reaching sides, piceous (Sikkim, 

Burma) ..... suturalis Schm. (loeb.**^ 

20 (19) Klytra with the suture and a post- 

median fascia piceous, both stripe 
and fascia shortened at tlunr extre- 
mities (Burma, Tndo-China) . . (wvamnisis Ihites.*^ 

21 (1(1) Prothorax not wider at base than in 

front. 

22 (23) Prothorax with its sides very gently 

rounded, hind angles obtuse, but 
shar]), and projecting very litth^ 
laterally, (dytra black with a pale 
stripe on each shoulder, length 5 rnm, 

(Coorg) ..... gardneri sp. n.^ 

23 (22) Prothorax with its sides moderately 

rounded, liind angles right, project- 
ing laterally. 

24 (25) Klytra l)]a(dv with a small pale spot on 

each close to apex, lengtli about 
5 mm. (Kumaon) .... Mm'tlagicm Andr,*'* 

^ 8et p. 15. 

Ka-un. Col. ninii. 1846, p. 34. 

8oc. Knt. Fr. JSSU, p. 284. Probably only a colour variety of mituralifi. 

* *SVr p, 16 . 

* Ann. Majr. Nat. HibI. (9). XIT. 1923, p. 088. 
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26 (24) Elytra ferruginous with a dark pat- 

tern, length 4-4*6 mm. 

20 (27) Elytra with a sutural and two lateral 
dark stripes on the pale background, 
a dark fascia just behind middle 
uniting them (Dehra Dun, Burma, 

Indo-China, Java, Sumatra) . . signifer Schm. Goeb.^ 

27 (26) Elytra with a dark sutural stripe, not 

reaching extremities, and a dark 
crescent behind, the whole forming 
a kind of spear-head (Madras, 

Burma, Borneo) .... hnmnius Schm. Goeb.^ 

28 (1) Elytra with more than two dorsal 

pores on interval 3, interval 6 also 
bearing dorsal pores. 

29 (32) Elytra with rounded shoulders, deep 

striae, a rough surface, and very 
rleep dorsal pores, their colour fer- 
ruginoiiH or brown, with a dark spot 
at eac h side and a pale one at apex. 

30(31) Elytra I interval 3 with six or seven 
pores, 5 with three to five pores, 
colour mainly brown (Ceylon) . eafomtuR Bates.® 

3)1 (30) Elytral interval 3 with three pores, 5 
with three or four pores, colour 
mainly ferruginous (Ceylon) . . wiermpdius Bates.^ 

32 (29) Elytra with square shoulders, fine 
striae, and a smooth surface, colour 
flavous, witli only a small vague 
apical dark spot, interval 3 with four 
pores, 5 with two or three pores , Qj^hroides sp. n.® 

Risophilus beesoni sp. n. [ Plate II, fig, 4,] 

Length : 5 mm. 

Piccous : elytra dark ferruginous, with a vague cloud round scntcl- 
lum and another larger cloud on disk behind ; palpi, antennae, and legs 
pale ferruginous. 

1 Faun. Col. Birm. 1846, p. 35. 

* Faun. Col. Birm. 1846, p. 36. 

» Ann. Mag. Nat. Hist. (6). XVII. 1886, p. 208. 

« Ann. Mag. Nat. Hist. (6). XVII. 1886, p. 208, 

‘ See p. 17. 
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Head convex, smooth, neck deeply constricted, frontal foveae short 
but moderately deep, a slight rounded fovea on each side of front, eyes 
prominent, antennae reaching basal fourth of elytra, mentum with a 
long sharp tooth and a seta on each side of it at base. Prothorax a fifth 
narrower than head, as wide as long, base the widest point, its sides 
oblique, much wider than apex, sides narrowly bordered, gently roimded 
in front, strongly sinuate at a sixth from base, front seta at a fifth from 
apex, where there is a faint tooth on the border, hind seta on the angle, 
hind angles sharp, right, reflexed, projecting far laterally ; median line 
and transverse impressions all rather shallow, surface rather vaguely 
transversely striate. Elytra moderately convex, elongate-ovate, should- 
ers narrow but evident, apical truncature faintly emarginate on each 
side, more than two and a half times wider than prothorax, rather more 
than a half longer than wide, basal border extending inwards to a point 
opposite stria 3 ; striae moderately impressed, vaguely crenulate, in- 
tervals a little convex, 3 with two pores, not far from base and apex 
respectively, surface impunctate. The meshes of the microsculpture 
are isodiametric on head and elytra, a little transverse on prothorax. 
Ventral surface sparsely setulose, apical segment more shortly and 
closely, with two marginal setae on each side ($) ; claws very strongly 
toothed. 

Not much like any other species known to me, but distinguishable 
from those found in India by its comparatively large size, colour, wide 
head and elytra, and narrow prothorax. 

Coona : Fraserpet, 7-V-1930, 1 ex. $. 

Risophilus gardneri sp. n. [ Plate II, fig. 1.] 

Length: 5 mm. 

Head and prothorax ferruginous, the latter with a dark lateral border ; 
palpi, antennae, legs, and underside (sometimes darker at sides) flavous ; 
elytra black, with the lateral channels and a humeral vitta on each, cover- 
ing intervals 4-6 at base, bending a little inwards behind, and disappear- 
ing at a half, dull yellow. 

Head as in J?. beesoni, but with less prominent eyes. Prothorax 
also a fifth narrower than head and as wide as long, but as wide close to 
apex as at base, the sides nearly straight, but rounded close to front 
angles and sinuate close to base, hind angles a little obtuse, though sharp, 
and not projecting so far laterally, impressions and surface similar, 
Elytra elongate-ovate, relatively longer and narrower than beesoni^ 
two and a half times as wide as prothorax, nearly two-thirds longer than 
wide, striae and dorsal pores similar, intervals a little flatter. Micro- 
sculpture, underside, and legs similar, but there is a depression on the 
middle of the last ventral segment. 

I CooRG : Fraserpet, 7-V and 2-XI-1930, 2 ex, 
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Biflophiliis ochroides sp. n. [ Plate n, 2.] 

Length : 6*6 mm, 

Plavous : head and prothorax, apical joints of antennae, and tarsi 
femiginons; lateral borders of prothorax, suture of elytra (narrowly), 
and a small vague spot towards apex of each elytron, on intervals 
6-7, more or less piceous. 

Head convex, smooth, neck moderately constricted, frontal foveae 
deep, rounded, more or less joined by a median impression behind them, 
a rounded fovea on each side of front, eyes only moderately prominent, 
antennae reaching basal fourth of elytra, mentum with a very sharp 
tooth. Prothorax cordate, as wide as head and a little wider than long, 
widest at a fourth from apex, base, which is very oblique at sides, barely 
wider than apex, sides with a narrow microscopically setiferous, reflexed 
border, rounded in front, but slightly angulate at the widest point, where 
there is a setiferous pore on the border, sinuate close to base, hind angles 
somewhat obtuse and not very sharp, projecting laterally, with the hind 
pore and seta on the angle ; median line and transverse impressiona mo- 
derately developed, some vague puncturation on the basal area and near 
hind angles, disk faintly transversely striate. Elytra rather flat, 
subquadrate, slightly dilated behind and widest at apical third, twice 
as wide as prothorax, not quite two-thirds longer than wide, some micro- 
scopical setae visible on the narrow, but rather square shoulders, apical 
truncature barely omarginate on each side, basal border extending in- 
wards to a point opposite stria 3 ; striae fine, though clearly impressed, 
impunctatc*, intervals nearly flat, 1 very narrow, 3 with four pores, 5 
with 2 pores (sometimes 3), surface impunctate. Microsculpture 
of the elytra formed by rather faint isodiametric meshes, practically 
none visible on head or prothorax. Sides of metasternum and venter 
sparsely setulose ; apical ventral segment rather more closely pubescent, 
with one marginal seta on each side in the (J, two in the $ ; in the (J this 
segment is deeply depressed at middle and so deeply emarginate as to 
be almost bilobed, the depression extending to the fifth segment, a 
seventh segment visible in the emargination. Claws with the denticu- 
lation shorter than usual. 

CooBG : Fraserpet, plots 1, 6 and 7, 4-III-1930 — 25-11-1931, 
3 cJ (J and 1 ? (without head). United Provinces : Dehra Dun, 
Kaluwala, 1 ex. (my collection). 

Pentagonioa venusta sp. n. [ Plate II, fig. 5.] 

Length : 5-5*6 mm. 

Ferruginous ; elytra black, intervals 1, 8 and 9, shotdders, and legs 
flavous ; palpi, joint 1 of antennae, disk of head, disk of prothotax, 
and middle of both femora and tibiae usually more or less infuscate. 
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Head rather large, a vague transv^Be i&ipression across front between 
the front supra-orbitals, eyes very large and prominent, neck constric- 
tion deep, antennae fairly stout, reaching a little beyond base of elyt-ra. 
Prothorax pentagonal, convex, a fifth wider than head, four-fifths wider 
than long, base slightly produced at middle, apex faintly emarginate, 
bordered, front angles rounded, sides reflexed, angulate at middle, a 
large pore on the angle, rounded on front half, then straight, but sinuate 
before the produced base ; median line fine but distinct, transverse 
basal impression deep, surface smooth, basal area vaguely rugose. Elytra 
convex, oval, two-thirds wider than prothorax, two-fifths longer than 
wide, base emarginate, apex truncate and slightly bi-emarginate, the 
outer angles rounded ; striae rather shallow, vaguely pimctate, intervals 
slightly convex, 3 with three dorsal pores. Micro.sculpture isodiametrie 
throughout and very distinct, the meshes much finer on head and pro- 
thorax than on elytra. 

Only two other eastern species arc known with a similar elytral 
pattern, viz., horni Dup. from Ceylon, distinguished by having intervals 

2 and 7 also flavous, and suturalis Schaum from China. The latter species 
is very closely allied, but in it the head is black and on the elytra only 
the sutural interval and margin are pale ; the sides of the prothorax 
are sinuate at and not before the produced base, the elytra are relatively 
longer and rather more finely striate. 

CoORO : Fraserpet, plot 4, 27-X-1930, 1 ex. (type). Mysore : 
Nandidrug {T. F. Campb4i~ my collection), 1 ex. Madras : South 
Mangalore ( J. C. M. Gardner — For. Res, Inst.), 22-V-1930, 1 ex. ; Nilgiri 
Ilills, KaUar, 1,000 feet, November (//. L. Andrewes — my collection), 
1 ex. Bombay ; Bclgaum {H. E. Andrewes), “ at light ” during the 
rains, 1886, 1 ex. Ceylon : Peradeniya (Ind. Mus.), 1 ex. 

Lebia ocellata sp. n. [Plate III, fig. ii.] 

Length : e-fi'bS mm. Width : 3 mm. 

Ferruginous, head and disk of prothorax sometimes darker, elytra 
with a common, black, rounded spot just behind middle, covering the 

3 or 4 inner intervals on each side. 

Head with very slight frontal foveae, a rounded pore at each end of 
clypeal suture, eyes prominent, palpi short and slender, antennae rather 
rtout, reaching basal fourth of elytra, surface nearly smooth, but with 
a few minute punctures and vague rugae. Prothorax convex, a fifth 
wider than head, two-thirds wider than long, base, produced at middle, 
with a distinct though obtuse angle on each side, front angles rounded 
away, sides moderately explanate and a little reflexed, strongly rounded 
in front, nearly straight behind, widest at a third from base, froht seta 
on the explanate area at a fourth from apex, hind one on the 



1?Anr V4 


AkdbkWibs : ^ndad Corahidae. 


19 


obtuse hiad angle ; median line fine, hind transverse impression rather 
de^ in front of the produced middle of base, surface finely rugose-striate, 
Eljftra ovate, moderately convex, twice as wide as prothorax, a little 
more than a half longer than wide, widest at apical third, apex truncate, 
the outer angles of the truncature rounded ; striae very deep, hardl}' 
visibly crenulate, intervals strongly convex, 3 with two pores, at a third 
and three^fourths respectively, surface impunctate. Microsculpture 
isodiametric tliroughout and very distinct. Venter pimctate and 
pubescent ; mesotibiae (J with a nick on inner side near apex ; joint 4 of 
tarsi bilobed, claws with 4 denticulations on each part. 

Very similar to L. monostigmu Andr., but larger, the ground coloijr 
darker, but with a similar black spot on the elytra. Head and prothorax 
similar, but in the Bornean type of monostigma the eyes are less promi- 
nent, the elytra longer, less convex, and less dilated behind. In monos- 
tigjna there are two dorsal pores on interval 3, placed as in ocellala ; 
ill the original description only one is mentioned. The two forms are 
possibly only local races of one variable species. 

Madras : North Salem, Jawalagiri, plot 9, 21-X and 17-X11-1930, 
2 cx. cJ ?. 


Lebia lunigera sp. n. [ Plate III, fig. 18.] 

Jjongth : 4-5 mm. Width : 2-2-6 mm. 

Ferruginous to flavous, parts of head, prothorax, and v(‘nt(‘r soiiu^- 
times, a small region round scutellum usually infuscate, elytra with a 
piceous, horse-shoe-shaped mark (convex behind) on apical half, ex« 
tending outwards on each side to stria 5, sometimes C. 

In form and colour very mucli like L. ocelht^, just described, but 
even the large specimens are much smaller, and the elytra are marked with 
a dark crescent instead of a spot. Hrai similar. Pr<^honijr with me- 
dian part of base less produced behind and the emarginatioii on each 
side very obtusely angulate, the sides more contracted in front and h'ss 
so, or not at all, beliind, so that the widest part is at or cilose to the hind 
angles, which are hardly more than right. Elytra shorter, only three- 
fourths wider than elytra and a fourth longer than wide, the striae 
much less deep and with slightly more evident crenulation, the intervals 
only moderately convex. Microsculpture similar. Venter rather sparse- 
ly punctate and pubescent ; only a minute incision on the inner margin 
of the cJ mesotibiae, but joint 4 of the tarsi is similarly bilobed and the 
denticulations on the claws are unusually long. 

Madras : North Salem, Jawalagiri, plots 10 and 13 (1 ex. each), 
264V— lO-XI-1930, 11 ex., and Aiyur, 23-V-1930, 1 ex,; Ndgiri 
Hills, Kallar, 1,000 feet, Nov, {H, L, Andrems—mj collection)., 1 ex. 
BrkOj&l : Kbargpur (JS. Indian Mus*}, 17-30- VHI-1930, 1 ex. 
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Ceylon : Horawupotaaa {Q. M. Henry — Colombo Mua.), 14-X-1924, 

1 ex. ; Aauradbapura, low country {N, Annandede — ^Indian Mus.), 
13-20-X-1911, 1 ex. 

Lel^ ephippiata sp. n. [ Plate III, fig. 5.] * 

Length : 4-76-5-26 mm. Width : 2-2-2-4 mm. 

Flavous, head and disk of prothorax sometimes infuscate, elytra 
with a narrow zigzag piceous band just behind middle, extending out- 
wards on each side to about stria 8, produced somewhat both backwards 
and forwards on intervals 1-2, and a little less on interval 6. 

Smaller and a little paler than L. ooellaia, though almost exactly 
similar in form, the dark marking on the elytra strikingly different. 
Head and prothorax similar, but the latter is a little narrower, only a 
half wider than long ; the elytra are a little shorter, only three-fourths 
wider than prothorax and rather less than a half longer than wide, 
the striae a little less deep and the intervals slightly less convex. Mi- 
crosculpture, underside, and legs similar, but the nick on the inner 
side of the mesotibiae is a very slight one. 

Madras : North Salem, Jawalagiri, 17-VII — ll-XlI-1930, 9 ex., 
and Aiyur, 25-V-1930, 1 ex. 

Lebia campania sp. n. [ Plate III, fig. 13.] 

Length : 4’76-6‘5 mm. Width : 2*26-2-76 mm. 

Ferruginous, joints 4-11 of the antennae fuscous ; elytra with a black 
band from a little in front of middle to a sixth from apex and extending 
outwards on each side to stria 9, a subtriangular extension in front, 
covering the first three intervals on each side and ending in a blunt 
point half way between the band and the base, hind margin extending 
furthest back on intervals 2-4. 

Smaller than L. ocellaia, and nearly similar in fofm, but the pattern 
on the elytra is entirely different. Head similar ; prothorax with sharper, 
almost rectangular, hind angles and the middle of base more produced ; 
elytra evidently shorter, less than twice as wide as prothorax and not much 
more than a fourth longer than wide, the striae less deep and the intervals 
less convex. Microsculpture, underside, and legs similar. 

Very near the North Indian L. baconi Chaud., but, judging by the 
author’s figure, with the black band on the elytra less deep, the pale 
area at base being more extensive ; in baconi the pale area extends back- 
wards to only a fifth from base, and the black median extension of the 
band nearly reaches base and is truncate in front. It seems probable 
that both baconi and campania are only colour varieties of L, bascMs 
Chaud,, another North Indian species, but an examination of the types 
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and a atudy of all the Indian species ate necessary, before this can be 
decided. 

Madbas : North Salem, Aiyur, lO-X-1930, 1 ex. ; Nilgiri Hills, Eallar, 
1,000 feet, Nov. [H. L, And/rewes), 1 ex., and {A. K. Wdd Downing) 
1 ex., both in my collection ; Foot of Palni Hills, Tope, 500 feet, at light, 
22-23-IX-i922 {S. W. Kemp — Ind. Mus.), 1 ex. Bombay : Khandesh 
(T. R. D. Bell — my collection), 1 ex. ; Surat, G-V-1904: (Pusa collection), 
1 ex. Centbai- Pbovinoes : Hoshangabad, Rahatgaon {S. N. Chatterjee), 
1 ex. Bengal : Chapra (Mackenzie — ^my collection), 1 ex. 



EXPLANATION OP PLATE I. 


Fig. 1. Ilolcodorus fissus Bp. nov. 

Fig. 2. Holooderus suporbus sp, nov. 
Fig. 3. Holooderus carinatus sp. nov. 
Fig. 4. Oxylobus oxiguus sp. nov. 
Fig. 5. Brachinus sordidus sp. nov. 
Fig. 6. Taobys sal^us sp. nov. 




EXPLANATION OF PLATE II. 


Fig. 1. Risophilus gardneri sp. nov. 
Fig, 2, Bisophilos ochroides sp. nov. 
Fig. 3, RisophiliiB euprootoides Bates. 
Fig. 4. Risophilos beesoni sp. hot. 
Fig. 5. Pentagonioa Tenusta sp. hot. 
Fig. 6. Dromii» oapnodes sp. nov. 
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EXPLANATION OF PLATE IIP. 

Lobia dichrowta Andr., Spol. Zoyl. XII. 1923, p. 249. 

Lobia aglaia Andr., Trans. Flnt. Soe. Lond. 1930, pp. 10 and 44. 

Lobia circnmdata Sohra. Goeb., Faun. Col. Birm. 1846, p. 44. 

Lobia oalyoophora 8ohm. Goeb., Faun. Col. Birm. 1846, p. 44. 

Lebia epliippiata ep. nov. 

Lebia decora Chaud., Mon. des Lebiides (I), Bull. Moso. 1870. ii, p. 150. t. 1, f. 7. 
I^rf^bia gressoria Chaud., Mon. (1). p. 223, t. 1, f. 46. 

Lebia tan Schm. Goeb., Faun. Col. Birm. 1846, p. 45. 

T.,obia karenia Bates, Ann. Mus. (-iv. Gen. XXXII. 1892, p. 426. 

Lebia monostigma Andr., Spol. Zeyl. XII. 1923, p. 250. 

Lobia occllata sp. nov. 

Lebia baconi Chaud., Mon. (I), p. 150, t. 1, f. 6. 

Ticbia Campania sp. nov. 

l.iebia ba.salis Chaud., Bull. Mosc. 1852. 1, p. 43 ; id, Mon. (1). p. 149, t. 1, f. 5. 
Lebia boysi Chaud., Bull. Mosc. 1850. 1. p. 70 ; id. Mon. (1). p. 222, i. 1, f. 33. 
Lebia eXvsanguis Bates, Ann. Mag. Nat. Hist. (5). XV'IT. 1886, p. 209. 

Lebia sollata Schm. Goeh., Fann. Col. Birm. 1846, p. 45. 

Lebia lunigera sp. nov. 


these illustrations black represents that colour in all excerpt No. 1, where it re- 
dark blue. All the figures have Imh^ji drawn from ty|K^ HfK'cimens, cotypes, or 
s compared with typos, except Nos. 0, 7, 12, 14 and 15 which are taken from 
of (Uiaudoir’s Monograph. 
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ENTOMOLOGICAL INVESTIGATIONS ON THE SPKE 
DISEASE OF SANDAL (9). 

Neuroptera. 

BY 

Dr, NATHAN BANKS, 

Ccmbridgej Mass., V. S. A, 

[ The neuroptcroas insects obtained in the Forest Research Institute 
Survey of the insect fauna of sandal {SatUulum album Linn.) that are 
dealt with in the present Record are mainly predators, which frequent 
foliage and bark of trees in their early stages and feed on small cater- 
pillars, plant-lice and leaf-hoppers (Aphidae, Psyllidae, etc.). A consi- 
deration of their abundance with reference to the occurrence of their 
prey is deferred until the species of insects destroyed by them have been 
identified and analysed. 

The localities mentioned in this paper are : — 

COORG : North Coorg Forest Division, within five miles of Fraserpet, 
elevation about 2770 feet, Sample Plots, Nos. 1 to 7. 

MADRAS : North Salem Forest Division ; within four miles of Aiyur, 
elevation about 2850 feet, Sample Plots, Nos. 16 to 21 ; Jawalagiri, 
elevation about 3050 feet, Sample Plots, Nos. 8 to 14. 

For further details of the collecting stations of the Survey see Indian 
Forest Records, Vol. XVII, Part IX.— C. F. C. B.] 


Hemsrobiidab. 

1, Beroiha insolita Walker. 
Fraserpet, 18-1-31 (Plot 3). 

2. Lekrogeria lineata Navas. 
Jawalagiri, 2-Xn-30 (Plot 8). 


Indian Forest Beeords. 
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3. Kioromm australis Hc^en. 

Fraserpet, li-XII-SO (Plot 3) ; Jawalagiri, 13-1-31 (Plot 8), 26-XI* 
30 and 14-1-31 (Plot 9), 17-1-31 (Plot 12), 11 and 12-1-81 (Plot 13) ; 
Aiyur, 24-11-30, on unspiked sandal, 7-XII-30 (Plot 15), 29-XII-30 
(Plot 16), 27-1-31 (Plot 17), 24-1-31 (Plot 21). 

4. Micromus niUiluricus Navas. 

Fraserpet, 30-XI-30 (Plot 3), 27-X-30 (Plot 4), Sl-XII-SO (Plot 6), 
1-1-31 (Plot 7) ; Aiyur, 18-XI-30 (Plot 7). 

6. Notiobidla viridiaorvis Banks. 

Aiyur, 16-VIII-30 (Plot 16). 


MAltTlSriDAB. 

1. Mautispa indica Westwood. 

Fraserpet, 20-IV-31 (Plot 4), 3-XI-30, 17-V-31 (Plot 3). 

2. Mantispa alicante Banks. 

Aiyur, 20-X-30 (Plot 18), 2-XI-30 (Plot 16), 

3. Mantispa femoralis sp. nov. 

Head pale, face with vortical black stripe, a black band back of 
antennae and another across middle of vertex ; antennae black, basal 
two joints pale ; pronotum dark brown on each side, yellowish through 
the middle above, the enlarged part with a pale transverse mark; 
mesonotum dark, with a yellow band across in front and the scutellum 
yellow, metascutellum also yellow, pleura dark, with two vertical pale 
streaks ; coxae dark, front femora brown, outer side partly pale, mid and 
hind femora with a broad dark streak on the under side almost making a 
band, mid and hind tibiae dark at base. Abdomen mostly dark, some 
of the middle segments banded at base with yellow. Wings hyaline ; 
venation almost wholly dark brown, a few veins at base pale yellow, 
stigma dark brown elongate. Structure, size, and venation very similar 
to M. indica, of which it may be a colour variety. 

Type : Coorg : North Coorg Division, Fraserpet, 14-V-31 (Plot 7) ; 
also Fraserpet, 21-V-31 (Plot 7). 

Differs from M. indica by dark stigma, daric streak on femora, and 
dark bases of tibiae. 
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PlXT VI,] Nathan Banks : Spike IHsease of Sandal, 

i, MantispiUa torqoiUa Newman. 

Fraserpet, 22-11-30, lO-IV-30 ; Aiyur, 22-11-30, on unspiked sandal, 
N. C. 0., 9-Xn-30, 18 and 25-1-31, 8-111-31 (Plot 16), 29-VII-30, 6-1-31 
(Hot 17), 26-IV-31 (Plot 21). 

Chrvsopidae. 

1. Ankylopteryx Candida Fabricius. 

Jawalagiri, 14-IV-30, on unspiked sandal, N. C. C. 

2. Nothochrysa aeaualis Walker. 

Jawalagiri, 14-V-31 (Plot 11). 

3. Clhrygopa khandalina Navas. 

Jawalagiri, 30-V-31, 15-V11-30, 16-IX-3(), 19-Vlll and 2-IX-30 
(Plot 9), 31-V111-30 (Plot 14), Aiyur, 23-11-30, 23-V11-30, 15-X11-30, 
25-1-31 (Plot 16), 31-X11-30 (Plot 18), 20-11-31 and 29-V111-30 (Plot 
20), 17-1 and 25-1V-30 (Plot 21). 

4. Chrysopa schmitzi Navas. 

Jawalagiri, 17-1-31, (Plot 12), 27-IV-30, on spiked sandal, N. C. C. i 
Aiyur, 3-1-31, 12-111-30, on unspikcd sandal, N. C. 0., 15-111-30, on 
unspilced sandal, N. C. C., 25-1-31 (Plot 15), 23 and 30-X11-30 (Plot 17), 
28-1-31 (Plot 18). 

5. Chrysopa virgestes Banks. 

Fraserpet, lO-Xll-30 (Plot 5) ; Jawalagiri, 13-1-31 (Plot 8) ; Aiyur, 
12 and 14-111-30, 16-XI1-30, 28-X11-30 (plot 15), lO-Xll-30 (Plot 18). 

6. Chrysopa alcestes Banks. 

Aiyur, 24-11-30, 23-X1-30, 30-XI-30 (Plot 15), 26-1-31 (Plot 16), 
lO-Xm-30 (Plot 18). 

7. Chrysopa orestes Banks. 

Aiyur, 4-X11-30 (Plot 19), 14-X-30 ; Jawalagiri, 14-IV-30, on im- 
spiked sandal, N. C. C., 15-1-31. 

a. Chrysopa cymbele sp. nov. 

Pale yellowish ; in some a red mark across the face near labrum ; 
antennae beyond the third joint black ; and out for about one-third its 
length, from thence pale ; basal Joint and palpi unmarked. Wings 
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greenisli, venation pale, unnoarked. Wings rather slender, acute at 
tip ; the gradates of fore wings in parallel rows, 6 and 7, the outer row 
rather nearer to margin than to the inner row. Divisory veinlet ends 
at or near the cross-vein above, second cubital cell as long as third, at 
base above close to the radius ; hind wings with veins unmarked, about 
4 to 6 gradates in each row. 

Length fore-wing 13 nun., width 4 mm. 

Type : MADRAS : North Salem Division, Aiyur, 20-IX-30 (Plot * 
16) ; also Aiyur, 22-11-30, on unspiked sandal, N. C. C., 9-111-30, 20-IX- 
30 (Plot 16), 17-VIII-30 (Plot 17), 7-Vin-30 (Plot 21); Jawalagiri, 
16-VII-30, 29-VII-30 (Plot 9). 

It must be near C. rocasolanoi Navas which has the antennae dark 
on basal part, but that species is said to have a mark on the basal joint 
of antennae, several of the veins are dark, and moreover Navas figures 
the cells near base of fore wing showing the second cubital cell small and 
remote from the radius ; his figure of the pronotum is also too long for 
C. cymbele. 


AsCALAPHIDaS. 

1. Suphalomitos verbosos Walker. 
Fraserpet, 24-V-30.' 

Total ; 18 species of Neuroptera. 


MGIFO— H— UI-2-6S— 23-6-3a— fiOO. 
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ENTOMOLOGICAL INVESTIGATIONS ON THE SPIKE 
DISEASE OF SANDAL (10). 

"MELASIDAE AND ELATERIDAE (COL.). 

BY 

E. FLEUTIAUX, 

Nogent-sur-Mamey France, 

[ The fifty Rpe(nes of Melasidae and Elatoidae listed in this paper 
were taken in the course of the Forest Kesearch Institute Survey of the 
insect fauna of sandal, Santalum album Linn, in the districts of Coorg and 
North Salem, Madras, South India. The beetles abundantly frequent 
the foliage of sandal in both healthy and spiked condition, but there is no 
evidence on which they can be included among the suspected vectors of 
spike disease. Thirty-three species occur in Ooorg and thirty-two in 
North Salem. 

The localities mentionfHl are : — 

COORG : North Coorg Forest Division, within five miles of Fraserpet, 
elevation about 2,770 feet, Sample Plots, Nos. 1 to 7. 

MADRAS : North Salem Forest Division ; within four miles of 
Aipir, elevation about 2,850 feet, Sample Plots, Nos. 15 to 21 ; Denkani- 
kota, elevation about 2,900 feet ; Jawalagiri, elevation about 3,050 feet, 
SamplePlots, Nos. 8to 14 ; Noganur, elevation about 2,900 feet; Udupa- 
rani, elevation about 3,090 feet. 

For further particulars of the collecting stations of the survey see 
Indian Forest Records, Vol. XVII, Part IX . . C. F. C. B.) 


Note. — This paper is published in French at the author’s request. 
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MELASIDAE. 

(^n. DromMolitt. 

Kiesenwetter, Nat. Inn. DeutaohL, IV, 1858, p, 197* 

(Gf^notype : Euenemis bunmobikt Villa, 1838.) 

1. D. angnstissimas nov. sp. 

7 m/m — Allongd, trfis 4troit, att6nu4 aux deux extaAmit^s ; noir 
brillant; pubescence lAgAre, grise but la moitiA anlArieure, obscure au 
deli. T6te densAment ponctuie, fortement carAnAe au milieu ; ciAtes 
surantennaires rAimies au milieu, Apistome tris Atroit, subcarAniforme 
i la base. Antennes noires, ne dApassant pas la base du prothorax ; 3e 
article plus long que le suivant. Pronotum notablement plus long que 
large, parallile, ritrAoi aux angles antArieurs, deprimA, fortement sillonnA 
au milieu en arriire, peu dens6ment ponctui, plus lAgirement en avant. 
Elytres gradueUemont att6nu4s, d^primAs a la base, de chaque c6tA 
de I’feusson, non striAs, assez densAment et finement ponctuAs, 
plus 16girement en arriere. Dessous et pattes noirs. 

Ressemble beaucoup i D. montanus Fleutiaux, d’Assam ; mais 
plus itroit ; epistome subcariniforme i la base ; pronotum beaucoup 
plus long ; Alytres non rugueux i la base ; antennes et pattes noires. 

Un seul exemplaire. 

CooRG : Fraserpet, 2-1V-31, plot 7 (1 ex.). 

Gen. Porraulacus. 

Fleutiaux, Ann. Mus. Civ. Genova, 1896, p. 567. 

(Genotype : P, svbmarginalis Fleutiaux.) 

2. F. santali nov. sp. 

4 i 4 m/m — Allong6, convexe, att^nue cn arriiro ; noir mat ; pub- 
escence grise feur la moiti6 ant4riourc. Tete convexe, tris densiment 
ponctuee ; crctes surantennaires r^unies sur la base de I’Apistome ; 
dpistome un peu plus dtroit en aniere que la crete surantennaire, tris 
dlargi en avant ; bord antdrieur sinud. Antennes noires, filiformes, 
ne ddpassant pas la base du pronotum ; 3e article plus long que le sui- 
vant. Pronotum plus long que large, paralldle, arrondi en avant, con- 
vexe, formant un lobe saillant en dperon au milieu de la base, fortement 
rugueux. Elytres attdnuds, convexes, fortement rugueux en avant, 
moins en arridre, distinctement strids a la base seulement. Dessous 
noir. Propectus i ponctuation forte et serrde ; sillons antennaires assez 
larges, nettement limitds, peu profonds, ponctuds, peu dloignds du bord 
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lateral en avant, le tejoignant eu am^ce. M^tastemum et abd<mieii 
finement et deiia4]nent ponotu&i. Epktemes m^tathoraoiques sab- 
pacall^les, plus 6troits que les 4pipleures des 41ylres. Hanches postM- 
eures 41aigies eu dedans ; bold post^rieui 8inu4 ; bord exteme plus 
large que ks 4pistcmtes. Bemier arceau ventral largement oompiimfi, 
Fdmurs noirs ; tibias bruns ; tarses plus claixs, 4e article dilabS en 
dessous. 

Tr4s remarquable par sa forme 4troite et allong4e qui le fait ressembler 
k un Dromaedm ; sa convexit4 et sa forte rugosit4, le distinguent en 
outre des esp4ces du genre dejk connues. 

CooBO : Fraserpet, I-II-31, plots 4, 6 (2 exs.). 

Gen. Balistica. 

Motnohulsky, Bull. Natur. Mobcou, 1861, 1, p. 116. 

(Genotype ; B, picipes Motschulsky.) 

3. B. pic^p«8. 

Motdcfaahky, loc. cit.; p. 116, t. 9, f. 7 — Bonvouloir, Mon. Eiicn.; 1872, p. 611, 
t. 26, f. 7. 

Fraserpet, 17-IX-30, plot 6 (1 ex.). 

Gen. DirhiuniS. 

T^atreillo, Ann, Soc. Ent. France, 1834, p. 130. 

B.g. Rhacopns Hampe, Verb. Zool. Bot. Wien, V, 1866, p. 266. 

(Type : Bncn^mis sahlherffi Mannerbeim, }S2S—^innuw(mevs Hampe.) 

4. D. indicas nov. sp. 

7m/m. — Allong^, subparaliye, convexo ; brun rougeatre ; pubescence 
jaune I6g6re. Tete superficiellement ponctufe, biimpressionn^e entre 
les yeux ; crStea suraiitennaires interrompiies sur la base do T^pistome ; 
epistome plus large en arriere que la crete surautennaire. Antennes 
ferrugineuses ; 3e article beaucoup plus long que le 4e ; suivants serri- 
formes. Pronotum aussi long que large, 16g^!rement r6tr6ci en avant, 
largement arrondi au-dessus de la tete, convexe anterieurement, graduelle- 
ment d^clive en arri^^re, faiblement asillonn6- au milieu ; ponctuation 
ombiliqu6e, serrSe ; angles post4rieurs brievement car4n4s ; crocbet 
de la carene marginale du bord ant6rieur court. Elytres longs, parallftles, 
arrondis au sommet, finement et peu dens6ment ponctues, substrife. 
Dessous de mSme couleur. Impressions antennaires ^troites, lisses, 
br}llantes, paralleles en g-vant, filargies k la base. Carfene lat4rale entifere. 

B 9 
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Epistemes m4taihoiaciqiieB sabparaU^les, 14g4iein.ent plus 4troits ea 
avaut. Handles post^rieuies dargies en dedans. Pattes feirugineuaes, 

Beasemble & D. lewid Fleutiaux, du Japon ; ptonotum non 
brusquement d4clive en airidre, car&ne mediate post4neure indistincte ; 
ponetuation moins serrfe, non rugueuse. Elytres plus 14g6remont 
strips, plus fintment ponctu4s, non replies en dessous au sommet, 
Car^ne lat^iale du pronotum entifere. 

Un seul exemplaire. 

Madras : North Salem, Jawalagiri, 22-IV-30. 

ELATERroAE. 

Gen. Adelooent. 

Hyslop, Proc. Un. St. Nat. Hiat., 58, 1821, p. 62?. 

((^notype i Elater ovalis Germar, 1824*) 

Lacon auoiores. 


1. A. abrepta. 


Lacon ahreptus Oand^ze, Ann, Soo. Ent. Belgique, 1893, p* 170* 

Lacon delesaerti Candeze, Elat, nouv.. Ill, 188), p. 9 (M^m. Soo. Boy, Sc. Lidge? 
2, IX). 

Fraserpet, IV-30 (4 exs.), V-30 (6 oxs.), VI-30 (3 exK.), XI-30 (1 ex.) 
plot 1. 


2. A. pistoria. 


Lacon pietorius Cand^5ze, Ann. Soo. Ent. Belgique, 1893, p. 171. 

Fraserpet, IV-V-30 (2 exs.), IV-31 (1 ex.) plot 7. 

3. A. musoosa. 

Lacon muacoaus Cand^ze, Ann. Soo. Ent. Belg., 1893, p. 170. 

Fraserpet, 22-V-30 (1 ex.). 

4. 1 A. transveraa. 

Lueon tranwergue Candize, Mon. Elat., 1, 1857, pp. 93 ct 123 (Mftn. Koc. Roy. Sc. 
Liige, XII). 

Aiyur, X-30 (1 ex.) plot 21, 1-31 (1 ex.) plot 19 ; Jawalagiri, VI-30 
(4 exs.), VII-3() (1 ex.), 8-VIII-30 (1 ex.) plot 12, X-30 (1 ex.) plot 11, XI- 
30 (8 exs.) plots 9, 11, 12, 13, 14, 17, 18, 
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6. A. laitESta. 

fioem hartaua Ca,nd^, C. R. Soo. But. Belgiqiw, 1860, p. UO. 
Jawalagir . V-30 (2 exs.), VII-30 (1 ex.). 

Gen. Bnudisrlaeoit. 

Motsohubky, Efc. Eat,, VII, 1858, p. 60. 

(Genotype: B.microoep^^tiaMotflohuUky..) 

6. B. microcephahis. 


Motfiohulsky, loc* cit, — Laeon trifaacialua Cand^ze, Elat, noiiv., 1864, p. 10 
Aoad, Belgique, XVII). 

Fraserpet, 7-VI-30 (1 Ox.). 

7. B. spanms. 

Lacm aparsut CaucUze, K^vis. Mon. Elat., 1874, pp. 48 et 86 (M4m. Soc. Roy. So. 
Li4ge.2,IV). 

Fraserpet, 17-VIII-30 (1 ex.) plot 3 ; Jawalagiri, S-VI-SO (1 ex.). 
Gen. Pericns. 

Cand^zc, Mon. Elat., I, 1857, pp. 26 et 167 (M^m. Soe. Boy. Se. la^ge, Xll)^ 
(Genotype : P. niiidtts Cand5ze.) 

8. P. sangoinoleiitiis. 

Oanddze, Ann. Soo. Ent. Belgique, 1893, p. 172. 

Fraserpet, 11-11-30 (1 ex.). 


Gen. Traohylacon. 

Motsobulaky, Et. Eut., VII, 1858, p. 61. 

(Genotype : T* fulvicoUis Motschuleky.) 

9. T. santali nov. sp. 

5| & 7 m/m. — Ovale ; iioir ; pubescence bicolore ; blanche et serr^e 
sur les c6t& du pronotum et formant quelques petites mouchetures 
l^glres et une petite taohe trfis apparente sur chacun, avant I’extrfi- 
mit4 ; rousse sur les elytres, plus elaire il la base et formant une tache de 
ehaque o6t4 de la suture au delk de la moiti6. TSte arrondie en avant, 
d4priai4e au milieu, densSment ponctu4e. Pronotum aussi long que 
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large parall^e, subdilat^ sot lesborda, anguleusement r4tr4ci dans le- tiers 
ant6rieur, tr^ oonvexe au milieu, brusquemeut d4olive sur les 
c6t4s, den86ment ponctu4 ; bords extemes ondulSs ; angles post^rieurs 
aplatis, aigus, non divergeuts. Ecusson pentagonal, plan, incUnS, ponctu6. 
Elytres sub^largis jusqu’a la moitie, notablement attdnufe au dela, 
oonjointement ou i8ol4ment arrondis au sommet, den86ment ponctufis, 
trfes 14gerement substries. Dessous et pattes noire ; tarses brun&tros. . 

Ressemble beaucoup k T. mriegaius Schwarz ; mais de taille plus 
grande ; peut-Stre faudrait-il le rapporter a I’^nigmatique T. fulvi"ollis 
Motschulsky, 1858. 

Madbas : North Salem, Aiyur, V-3() (1 ex.), lX-30 (1 ex.) plot 18, 
XI-30 (1 ex.) plot 19. 


Gen. Campsostemus. 

Latreiile, Ann. Soo. Knt. France, 1S34, p. 141. 

(Genotype: Elater auratus Drury, m^—fulgens Olivier, 1790.) 

10. C. duponti. 

Hope. Ann. Mag. Nat. Hist., VIII, 1842, p. 454 — Idem, Trans. Ent. Hoc, London, 
111, 1843, p. 290 — Cand^zo, Mon. Elat., I, 1857, pp. 342 et 349 (Mem. Soo. 
Roy. So. Li^go, Xll)—fot^f^olatu8 (iormar, Zeitschr. Eat., JV, 1843, p. 103 — 
iris Cand^ze, loc. cit, 

Aiyur, V-30 (4 exs.), 28-V1-30 (3 exs.) on unspiked sandal, N. C. C.; 
Jawalagiri, V*30 (2 exs.), 7-VI-30 (1 ex.), VI-30 (3 exs.) on spiked and on 
unspiked sandal, N. C. C., 13-V-30 (1 ex.) on Dodomea viscosa, N. C. C.; 
Noganur, 23-V-30 (1 ex.) ; Uduparani, 30-V-30 (2 exs.). 

11. C. latreilleL 


Gn6rin, Voy. Delossert, Hist. Nat., ll, 2, 1843, p. Oandeze, Mon. Elat., 

1, 1857, pp, 342 el 351 (M6iii. Soc, Roy. Sc, Liege. Xll). (nec lairc%lh% Gerniar, 
1843). 

Denkanikota, 19-VI-30 (1 ex.). 

Gen. Singhalenos. 

Oand^ze Mon. Elat., II, 1859, pp. 9 ot 43 (M6m, Soc. Roy. Sc. Liege, XU ). 
(Genotype : taprobmicue Oand^ze.) 

12. S. taprobanicus. 

Gand^ze, loc, ciU^ p, 44. — Fleutiaux, Ann. Soc. Ent. France, 1905, p. 321. 

Fraserpet, 16-IV-30 (2 exs.), V-30 (2 exs.) ; Aiyur, IV-SO (5 exs.), 
V-3 (80 exs.), VII-30 (1 ex.) plot 21, X-30 (1 ex.) plot 17 ; Jawalagiri, 
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IV-30 (2 exB.), lO-rV-30 (1 ex.) ; Noganur, 26-V-30 (3 exs.) ; Uduparani, 
81-V-80 (1 ex.). 

13. S. rnlRlgiiioias. 

Cftnd^e, loc* eU^t pp. 44 ot 4£». 

Aijrur, V-30 (1 ex.). 


Gea. Adiaphoros. 

Oanddze, Mon. Klat., II, 1869, pp. 9 et 47 (M^m. Soc. Roy. So. Liige XIV). 

(G^xioiype : graeilicomiB Oancl^ee.) 

14. A. gradlioomis. 

Cand^ze, he, cit., p. 47 — Sohwara, Deutsche Ent. Zoitsohr., 1901, p. 17. 

. Fraserpet, IX-30 (1 ex.) plot 6, X-30 (1 ex.) plot 7. 

15. A. po&ticeriaaiu. 

Canddze, loc. ciLt p. 47, t. 2, f. 4 — Eieutiaux, Aim. Soo. Ent. France, 1905, p. 321. 

Fraeeipet, 14-11-30, (1 ex.) on unspiked sandal, N. C. C., III-30 
(1 ex.), IV-30 (3 exfl.), 7-VIII-30 (1 ox.) plot 7, 6-IX-30 (1 ex.) plot 2. 

Gen. Heterocrepidios. 

Gu6ria, Mag. Zool., 1838, p. 23* 

(Genotype ; vmiralU Guerin.) 

16. H. altematiu nov. sp. 

10 4 1 1 m/m. — Allonge, subparallele ; bruii ; pub, swnct* grlse, 
nioiree sur le pronotum, pins epaisse sux les interstru's pairs dos 61ytres, 
I’ete sillonn^e au milieu, fortement et rugueusemont ponctu4e. Anteiuics 
longues, robustes, depassant la moitie du cori)s, bruii lerrugineux, 2o 
et 3(1 articles tres courts, globulcux ; suivants plus larges et beaucoup 
plus longs. Pronotum plus long que large, pen rctrd'ci en avaut, sinu4 
lat6ralement, fortement ponotu6, sillouue au milieu on arriere ; angles 
post^rieurs aigus et divorgeuts. Ecussou arrondi on arriere. Eytres 
plus larges que le pronotum, a peme retr^cis cn arriere, arrondis au 
Bommet ; stries-ponctu48 ; iuterstries pairs denst^mont pubesceuts. 
Dessous et pattes bruns ; tarses plus clairs. 

Voisin de H, emtreuAus Candfeze ; plus robuste, tre . reconuaissable 
4 la pubescence dos 61ytres plus dense sur les iuterstries pairs. Jc le 
possMe du sud du Mysore, des chasses do H. L. Andrewes. 

Cooao : Fraserpet, 6-IV-30 (1 ex.). 



InAim fwegt Meooris, 


tvoiu tvm. 




Clea. Monoereiiidiiis. 

Esohsoholtz, in Thom. Bnt. Arohv; II, I, 1829, p. 31. 
(Genotype : M, palUpes Ksohscholtz.) 


17. M. toinis. 

CanU^sse, Mon. Elat., II, 1859, pp. 190 ot 228 (Mdm, Soc. Hoy, So. Ii6ge, XIV). 

— Fleutiaux, Ann. Sqc. Ent. France, 1905, p. 323. 

Jawalagiri, V-30 (1 ex.), VI-30 (1 ex.). 

18. M. toscns nov. sp. 

8 m/m J. — Allong6, peu oonvere ; noir terue ; pubescence rousse. 
T^te peu convexe, dens4ment puncture. Antennes fines, brunes, ne 
d^passant pas la base du protborax. Pronotum beaucoup plus long que 
large, parallWe, arrondi aux angles ant^rieurs, peu convexe, faiblement 
sillonnd au milieu en arri^re, dens^ment et nettement ponctu6 ; angles 
post^rieurs a peine divergent®, aigus, unicar4nAs ; limites lat^rales 
entiferes, inflechies en avant. Eousson arrondi, plan, 16g^remcnt d6clive, 
finement et dens^ment ponctu4. Elytres peu convexes, faiblement 
arrondis et r4tr6cis en arri^re, stri4s-ponctu4s ; interstries plans et 
finement ponctufe. Dessous brunatre, plus clair sur I’abdomen pattes 
testacies. 

Eappelle M. monachus Candfeze ; pronotum plus long, plus parallikle ; 
Elytres plus courts ; hancbcs post4rieures plus brusquement 61argies en 
dedans. 

Un exemplaire. 

CoORO : Eraserpet, 3-,XI-30 (1 ex.) plot 4. 

Gen. nepenthes. 

Kiesen wetter, Nat. Iiik. Beiiteh!. IV, 1858, pp. 229 et 353. 

(Genotype : Elaler lugenn Itedtenbaclier, 1842.) 


19. M. modestus. 

CahrtOie, Mon. Elat., II, 1859, pp. 493 et 607 (M6m. 8oo. Koy. 8c. Liege, XIV). 

Eraserpet, VI-30 (2 cxs.) ; Aiyur, 27-VII-30 (2 exs.) plot 17, 9-VII-30 
(1 ex.) ; Jawalagiri, 25-V-30 (1 ex.), 6-VI-30 (1 ex.) 

Gen. Melanozanthus. 

Germar, Zeitsohr. Ent., V, 1844, p. 191. 

(GAnotype : Elaler tnelanocephcd/ns FabrioiuB, 1781.) 



Past Vlt] fumTura : Bpike iHaeem Sandal. 9 

20. M. meliiiOMpluiliis. 

Wlaier m^noeephahs Fftbricius, »Speo. Ina., 1781, p. 272—Melanoxanthus melano- 
ctphaius Cand^ze, Mon. Elat*, TI, 1859, p. 512, t. 7, f . 12 — Sobwarz, Deiitsche 
Ent. SJeitflchr., 1901, Pv 17 — Fleutiaux, Ann. 8oo. Ent. Franco, 1905, p, 323. 

Jawalagiri, 26'VI-80 (1 ex.), Cosmopolite tropical. 

21. M. homi. 

Hohwarz, Doutscho £tit* Zeitaohr., 1901, p. 26. 

Aijmr, 12- VI-30 (I ex.). 

22. M. lugabris aov. sp. 

6 m/m |. — Allong^, att4nu6 en arriere, convexe; noir mat; pube- 
scence noire. T^te car^nee au milieu ; ponctuation forte, serr^e, rugueuse. 
Antennes noires, epaissies vers le bout, ne d^passant pas la base du 
prothorax. Pronotum beaucoup plus long que large, parallele, arrondi 
aux angles ant.4rieur8, convexe, brusquement declive a la base ; ponctua- 
tion forte, serr^e, ombi!iqu4e ; angles posterieurs aigus, non divergenta. 
Ecusson triangulaire, perpendiculaire. Elytres moins larges que le 
pronotum, att^nu4s en arriere. convexes, brusquement declives la 
base ; rugueux, plus fortement en avant, stri^s-ponctu&i ; interstries, 
plans. Dessous et pattes noirs. 

Enti^ireraent noir commo M. granum Candeze ; beaucoup plus allonge 
et plus rugueux ; tete car^nee au milieu. 

Tn seul exemplaire. 

Madras : North Salem, Jawalagiri, ll-V-30 (1 ex.). 

23. H. sanguinicollis. 

Hchwftrz, Deutsche Ent, Zeitschr., 1902, p. 325. 

Aiyur, V-30 (6 exs.), V-31 (1 ex.) plot 20. VI-30 (1 ex.), VI-31 (1 ex.) 
plot 19, VII-30 (2 exs.), Jawalagiri, VI-30 (1 ex.), VIl-30 (1. ex.). 

vari4t4 ihoracicus nov. 

Bande noire sur le milieu du pronotum n’atteignant pas la base. 

CooRO : Fraserpet, 17-VII-30 (1 ex.). 

24. M. vitticollis. 

CandAze, Mon. Elat,, TI, 1859, pp. 512 et 517 (M5m. Soo, Roy. Sc. Li5ge, XIV). 
triviUaius Schwarz, Deutsche Ent. Zeitschr,, 1901, p. 27 T (wee. M, viUicoUs 
Motschiilshy, Et. Ent., VIII, 1859, p. 66). 

Fraserpet, 7, 27-V1-30 (2 exs.) ; Aiyur, V-30 (3 exs.), Vf-SO (1 ex.), 
VII-30 (1 ex,), VIII-30 (1 ex.) plot 20, 12-VIII-30 (1 ex.) plot 19. 
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tnMm Pomi Meoonhi 


tVoL. tmA. 


26. M. andreimdi nov. sp. 

4 m/m. — Ovale, peu oonveze ; jaune, tSte noire en ani^ire ; pro- 
notum ave(t deux bandes lougitudmaleB aoiies au milieu et une tache 
oblongue plus petite de cbaque cdt4 pr^ du bord extemc ; ^ouesou nbir ; 
dlytres omfe chacun, au premier quart, d’un trait noir en forme de V, 
la seeonde moiti6 est presque entierement noire avec seulement une 
petite tacbe jaune prte de la suture au dernier quart, une plus grande 
pr^ du bord un peu au dessous et une autre tths r^duite tout & fait (b 
rextr6mit4. Tete convexe ; ponctuation orabiliqu4e, serr4e. Antennes 
noires, ferrugineuses it la base et au bout. Pronotmn large, r€tr4oi 
et arrondi en avant ; ponctuation ombiliqufie, serr^e ; angles post6- 
rieurs aigus, car4n48, non divergents. Elytros plus 4troit8 que le prono- 
tum att4nu4s en arri4re, rugueux, stri48-ponctu48. Propectus jaune ; 
m4tastemum et abdomen noiratres. Pattes teHtao4 pale. 

Diff4re de M. vitticolUs Candeze, par le pronotum om4 de quatre ban- 
des noires et le dessin des 41ytres diff4rent. D4di4 a H. L. Andrewes 
qui I’a captur4 k Anamalai. 

CooRG : Fra8erpet,17-V-30 (1 ex.). 

Qen. Aihaphes. 

Caudezc, Mon. Elat., II, 1859, pp. 52 et 98. 

(Genotype: A* diptychna Candeze.) 

26. A. lineicollis nov. sp. 

6 ii 7| m/m. — Allong4, oylindrique ; noir mat, avec imo ligne mediane 
sur le pronotum et une tacbe uux 4paules, ferrugineuses ; pubescence 
jaune. Tete depiim4e, rugueuse ; bord ant4rieur transversal. An- 
tennes brimes. Pronotum plus long que large, presque parallele, tres 
faiblement arrondi lat4ralement, convexe et dens4meut rugueux ; bord 
ant6rieur largemcnt arrondi et i4gcrm 'iit relov4 ; angles post4rieur8 
droits, aplatis tout a fait au sommet. Blytres paralleles, arrondis a 
rextr4mit4, rugueux, fortement stri48-ponctu48. Dessous de meme 
squleur noire, assez fortement et peu dens4ment ponctu4 ; sutures 
prosteirnales a peine distinctes. Hanches po8t4rieure8 14g4remeut 
41argie8 en dedans. Pattes testa'i pale. 

La coloration est assez variable ; elle eat parfois d’un bnm rougeatre ; 
parfois aussi, la tacbe bum4rale fait d4faut. Eessemble beaucoup 
k A. bivittatua Fleutiaux, mais sa rugosit4 est moins grossi^re, plus r4- 
gubere, plus 8err4e. 

CooRQ : Fraserpet, V-30 (9 cxs.), VI-30 (7 exs.), lX-30 (2 eis.) plots 
6, 7, X-XI, (2 exs.) plot 5, 
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Gm. C^urdiophonis. 

E»(il*«oholtsi, in Thom. Ent. Arohir, IJ, 1, 1829, p. 34. 

(O^notype : Mlater gramimns Scopoli, 1763.) 

27, C. allK>iimoiilatii8 npv. &p. 

1 m/ln — Elliptique ; noir brillant avec deux taches tranevcr- 
sales ^burn^s sux chaque ^lytre ; une au premier ti(^r8, plus large en 
dedaas du 46 interstrie au bord exterae ; Tautre au tiers post^rieur, du 46 
au dernier interstrie ; pubescence obscure, grise sur la base du pronotum, 
(jelle des ^lytres et sur Ifs taches. Tete ]4gerement convexe, arrondie 
en avant ; ponctuation fine et peu serr6o. Premiers articles des anten- 
nes noirs (les autres manquciit). Pronotum aussi long que large, sinu6 
sur Ics cot^s, arrondi et peu r6treci eu avant ; convexe ; ponctuation 
fine et 4cart<^e. Elytres attenu4s, ponctu^s-strife ; interstries plans, 
tres finement pointillfe. Dessous egalcment noir ; pubescence grise. 
Limites laterales du pronotum mf6rieures, non sinueuses, bien mar- 
quees, eSacees en avant. Ponctuation des propectus large, superficielle, 
6cart6e ; fine et plus serr^s sur le m^tasternum, tr^ dense sur Tabdomen. 
Hanches post^rieures sinueuses, mod6r6ment ^largies en dedans. Pattes 
noires. 

Un seul exemplaire. Ressemblc beaucoup k 0. (inadrillum Cand^ze 
(type : Almorah) ; mais de forme plus courte ; ponctuation du pro- 
j)ectu8 large, peu marqu6e et ecart^e ; taches des Elytres transvorsalcs, 
pattes plus noires. 

CooRG : Fraserpet, 23-IX-30 (1 ex.). 


28. C. pallipes. 


? Kluter pallipes Ffthrioius, Maiit. Ins. J, 1787, p, 174— lUom, Knt. Syst., 1, 2, 
17C2, p. 231“ tSysi. Kloiith., IJ, 18CJ, p. 24 1- iiriehson, Zeitschr 

Kut.. II, 1H4C, p. 30r>~~Oantlo/.e, Mon. KJaf., IJ], f8CC, pp. 117 ol J71, t. 3. 
f. 18 (Mem. 8oc. Kuy. Sc. X\) — Scliwsrz, Deutsche Ent. Zeitschr., 

DHD, p. 18. 

Fraserpet, 5-XI-30 (1 ex.) plot 6 ; Uduparani, 28-1-30 (1 ex.) at 


subgen. Paramrdiof horns, 

Sohwar/., DeuU^che Ent. ZeiUchr,, 1895, p. 40. 

(Type; Vardiophorus m'uscnlusY^vivhmiiy 1840.) 

29. C. foscipennis. 

HorisUmrilua fiiacipevnis Cand^ze, Mon. Elat., HI, 1860, pp. 247 et 268 (M4m. 
Soo. Roy. Sc. I.i6gc, XV). 

Fraserpet, 14-\I-»0 (1 ex.) ; Jawalagiri, 9-VIII-30 (1 ex.) plot 13. 
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Indian I'arest keoords. 


[ Vot. XVitt. 


30. C. minutiu aov. sp. 

3 m/m. — Oblong ; brun noiratre, extr6mit4 des angles postdrieurs du 
prouotum et deux grandes tachos jaunes sur chaque 61ytre ; une 
I’^paule, I’autre rextt4mit4 ; pubescence grise. Tete large, peu 
convexe, arqu6e en avant ; ponctuatiou assez grosse, peu serrfie. An- 
tennes testacies. Pronotrim transversal, convexe ; ponctuatiou assez 
grosse et espac6e. Elytres l^g^rement att^nuls, fortement ponctuAs- 
stri^s ; interstries plans. Dessous noir&tre ; ponctuation grosse et 
espacle. Limites latfirales du pronotum abr4gdes en avant. Handles 
postfirieures graduellement dargies. Pattes te8tac4e8 pales. 

XJn seul exemplaire. Plus petit que C. fusdpmnis Oand^ze ; noir ; 
taches jaunes tr^ apparentes sur les dytres ; peu convexe ; pronotum 
transversal ; ponctuation espac^e. 

Madras : North Salem, Uduparani, 30-V-30 (1 ex.). 


Gen. Dicronychns. 

BruUe, Expl. Mor^c, 1832, p. 138 (nec Ca/itelnat'. 1840). 
(Genotype: 1). obesus IkulU'—.? Elater nnerevs Hcrbet, 1784.) 


31. D. pictipennis. 

Cardiophorus pidipennw Schwarz. Peiitsche Ent. Zeitschr., 11M2, p. 333. 

Fraserpet, 15-IX-30 (1 ex.) plot 4 ; Aiyur, 6-XI-30 (1 ex.) plot 19 ; 
Jawalagiri, IX-30 (1 ex.) plot 9, X-30 (3 exs.) plots 9, 12, 13, XI-30 (1 
ex.) plot 10. 


32. n. lepidus. 

Cardiophorvs lepidne Cond^ze, Ann. Soc. Ent. Belgique, 1893, p. 170. 

Aiyur, 12-VI-30 (1 ex.). 


33. D. lacertosus. 


Cardiophorue lacertosus Erichsoiu Zeil«ehr. Ent., IJ, 1840, p. 31C— Garule/.e, Men. 
Elat., Ill, 1800, pp, 120 et 205 (M^m. Soc. Roy. Sc. Li^ge, :X\VFletJtiaux, 
Ann. Soc. Ent. France, 1905, p. 328. 

Fraserpet, V-30 (6 exs.), Vl-30 (6 exs.), VII-30 (4 exs.), IX-30 (2 
exs.), IX-30 (2 exs.) plots 3, 4, TI-31 (1 ex.) plot 3 ; Aiyur, 1-31 (2 exs.) 
plots 15, 16, VI-30 (1 ex.), IX-30 (2 exs.) plot 15, X-30 {2 oxs.) plot 18, 
XI-30 (3 exs.) plot 21, XII-30 (5 exs.) plots 18, 20; Denkanikota, 18- 
VI-30 {1 ex.) ; .Jawalagiri, VI-30 (4 exs.), IX-30 (2 exs.) plot 10, X-30 
(1 ex.) plot 10, XI-30 (2 exs.) plots 9, 12. 
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!Paiw Vn.3 PiBtmAtJX: Spih tHsecae Samdd. 

vari6t4 bigeminatiu. 

Cdriiophorus biganiHatM Candixe, Ann. Soc. Knt. Belgique, 18113 i'. 17<1. 

Fraserpet, 6-1-31 (1 ex.) plot 6. 

34. D. cQiitemptiu. 

Cafdiophorus eimiimpiu$ Cand^xe, Men. Elat., ]]I, UtO, jf. 121 ct {¥(tv. 

Soo. Roy. Sc. Li^ge, XV)— Fleutiaiix, ^nn. Soc. Eni. France, 1£05, p, 328. 

{nee Cand^ze, C. R, Soc. Ent. Belg., 1890, p. 154 — Idem, Ann. Soo, 
Ent. Belgique, 1892, p. 492). 

Fraserpet, V-30 (1 ex.), 

36. D* densepunctatus nov. sp. 

6 i. 6| m/m, — Allonge, subparaliye ; noir, avec une bande jauue 
^troite 8ur le milieu des ^lytres, bien appareiite a la base, effac^e eu 
arri^re ; pubescence grise. Tete peu convexe, finement et dens^ment 
ponctu^e ; bord anterieur largement arrondi et etroitement reborde. 
Antennes noires, greles, ne depassant pas la base du prothorax. Piono- 
turn aussi long que large, sinu6 sur lea cot^s, im peu moiiis large en 
arriere, convexe, (Tibl6 de points serr^s bien marques ; sillons basilaires 
tr^js courts. Elytres forlement ponctucs-stri^s ; interstrios finement 
chagrin6B. Dessous noir. Pattes noires, ferrugineuses aux articula- 
tions. 

Kessemble k 1), heeitosuH-bige^ninatm ; taille plus grande ; baude 
jaune des elytres moins rapproch^e de la suture ; pronotum crible do 
points profonds et tr^.s serres ; antennes ot pattes noites. 

CoOR<i : Fras-’ipet, 17, 21-V-30 (2 exs.) on unspiked sandal, N. C. 

ManRAS : Jawalagiri, 13-V-3(), (1 ex.) on spiked sandal N. C. 0, 

30. D. multus nov. sp. 

7 a 10 m/m. — Allonge, brun noir brillant ; pubescence grise. Tfete 
presque plane, irr^gulierement criblee de points assez gros, arquee et 
rebord^e en avant. Antennes fin<^s, ferrugineuses, ne depassant pas la 
base du prothorax. Pronotum aussi long que large arque sur les c6t6s, 
arrondi en avant, redress^ en arriere, peu convexe, cribl6 de points 
assez serres ; sillons basilaires bien marques. Elytres subparalleles, 
arrondis et r6tr6cis (au dela dc la inoiti4) forternent stri48-ponctu^8 ; 
interstries pointings. Dessous de memo couleur, Limitos lat4rales du 
pronotum inf4rieures, efiac4es en avant, Pattes ferrugineuses ; griffes 
foitement dent4es, 



14 Inikm fomt Becorit. [ Yot,. 

Bessemble k D. cotaemj^its moins 4txoit; pronotum moms long, 
ponctuation plus ^sle et miexix marquee ; griffes plus forioment deut^es. 

Fraserpet, VI-30 (1 ex.) ; Aiyur, ll-IX-30 (1 ex.) plot 17 ; Jawtdagiri, 
VIII-30 (1 ex.) plot 12, IX-30 (6 exs.) plot 8, IX-30 (2 exs.) plot 11, 
X*30 (3 exs.) plot 10, (3 exs.) plot 12, (1 ex.) plot 13. 

37. B. saatali nov. sp. 

6 i 7 m/m J. — Allong4 ; brun ferrugineux rembruni sur le dos du 
pronotum ; pubescence grisdtre 14gere. TSte convexe airondie et 
rebordfe en avant, finement et dens6ment ponctu6e. Antennes fines, 
ne d^passant pas la base du protborax, ferrugineuses k la base, noirfitres 
au del4. Pronotum aussi long que large, peu r4tr6ci en avant, 8inn4 
lat4ralement, convexe, finement et dens4ment ponotu4 ; sillons basilaires 
peu marqu4s. Elytres convexes, r6tr4ci8 en arri^re au del& de la moiti4, 
fortement ponctu48 stri&i ; interstries plans, finement pointill4s. Dessous 
noir&tre, parfois ferrugineux sur le propectus et sur I’abdomen. Limites 
laMrales du pronotum inf4rieures, enti4res. Pattes ferrugineuses ; 
grifies fortement dent4es. 

Madras : North Salem, Aiyur, X-30 (1 ex.) plot 21, 1-31 (1 ex.) 
plot 20 ; Jawalagiri, IX-30 (1 ox.) plot 10, IX-30 (2 exs.) plot 11, 27-IX-30 
(1 ex.) plot 13, IX-30 (1 ex.) plot 14, X-30 (1 ex.) plot 11. 

38. B. tristis nov. sp. 

8 m/m — Allong4, convexe ; noir ; pubescence gris legftre. T4te 
convexe, arqu4e et robord4e on avant, finement et trSs den84ment 
ponctu4e. Antennes greles, noiratres, ne d4passant pas la base du 
prothorax. Pronotum aussi long que large, bomb4 et 41argi en avant, 
r4tr4ci on arriere, finement et tres dens4mont ponctu4 ; sillons basilaires 
bien marqu48. Elytres suboylindriques, r4tr4cis et arrondis dans le 
dernier tiers, fortement ponctues-.stri48 ; interstries convexes et finement 
ponctu48. Dessous noir. Limites Iat4rale8 du pronotum inf4rieures, 
efiac4e8 prte du bord ant4rieur. Pattes noiratres ; griffes fortement 
dent4es. 

Se distingue de D. santali par sa forme subcylindrique, sa couleur 
noire, son pronotum bombe et elargi en avant, sa ponctuation mieux 
marquee. 

Madras ; North Salem, Denkanikota, V, VI-.30 (2 exs.). 
vari4t4 sanguineus nov. 

6 m/m.— Pronotum sanguin, obscurci sur le dos en avant. 

Madras : North Salem, Jawalagiri, 5, V-31 (1 ox.). 
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Fawt yil.} BJwmAtJit ; Bpike <5' Scmdd. 

Gen. Agoniscaiiiis. 

Candtee, Mon. Bint.. IV, 1863. pp. 284 ot 407 (M6in. Soc. Roy. Sc. Liege, XVIl). 
(Qtootype: A- ptetoralis Candize.) 

39. A. minis. 

akndize, loe. eii., pp. 409 et 412. 

Jawalagiri, l-IX-31 (1 ex.). 


40. A. cardiofhmnltis. 

Cnndtee, toe. eil. pp. 410 et 424. 

RVaseroet IV V-30 (2 cx8.) ; Aiyur, III-30 (1 ex.), V-30 (7 exB.), 
18-V-30 (Tex.) on unspiked sandal, N. C. C., V-31 (1 ex.) plot 2^ VI-30 
(2 ex8.), VII-30 (1 ex.) ; Jawalagiri, IV-30 (3 exs.), V-30 (3 exs.) ; Nogamir 

V-30 (4 exs.). 


41. A. prymnens. 


Canitoze, toe. cit., pp. 410 ct 424. 
Fraserpet, 29-V-30 (1 ex.). 


42. A. pumilns. 

Candize, Ann. Soc. Ent. Belgique, 1893, p. 178. 

Aiyur, V-30 (1 ex.). V-31 (1 ex.) plot 15. 


43. A. indiens nov. sp. 

7 m/m i -Allonge, bleu-violet fom6 in6tamque; pubescence noire. 
Tgte ^ ponctoation espaede. Antennes noires, ne ddpassant pas la base 
du protborax, coinprim6s et serriformes b partxr du 4e article, ^largies 
verJle bout ; 2e et 3e articles 6troits efde m6me lorme, Ic 3e plus long. 
Pronotum aussi long que large, retreci en avant, convexe, ponctufi sy le 
bord en avant, presque lisse en arriere, avec. des points espac^s extreme- 
ment fins ; angles post^rienrs courts, aigiis, non divergents. Elytres 
parables arrows k I’extr^mit^, convexes, 16glrement stnes-ponctufe. 
Dessous de m^ine couleur sauf I’abdomen fernigineux. Pattes noires. 

Parfois, scul le dernier arceau ventral ost fcmigmeux. 

Ressemble k A. indigaceus Cmdkze, do Borneo. Je le possMe de 
Miloiri Hills (H L Andrewes) et le Mus^e de Debra-Dun en contient des 
SpW ^its k Cbakati Range. Haldwani. U. P. (S. N. Chatter, ee). 

CooRG ; Fraserpet, 12-XI-30 (1 ex.) plot 6, 
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OAloijrpe : &. ifttiMBM** Oaadtea. 


44. a, SxnHtoM. 

OmuMc«, he. «{(,, ])p. 408 et 4fi8. 

F^rasetpet, S-VIl-SO (1 ex.). 

Gen. i&i^ 

Oendite, Mon. Bint., IV, 186S, pp. 448 «t 408. 

(Gdno^rpo : S, AUarit Outddze.) 

45. 8. iadiciu nov. sp. 

5 & 5 ra/m f AUozig^, sabparallMe ; noix biillaat ; pobeaeoiee 
grise. TSte oonvexe, asaez fortement et dens^ment p(»ictu4e. Astm- 
nes testacies. l*ronotnm uc pen p]iis loug que laige, l4g4remfflit i4tr4oi 
en avaut, airoQdi aux angles ant^rieuts, oonvexe, poaetu4 comme la 
sur les cdt^s, plus finement et moins denslmeut sur le dos ; angles 
post^rieurs aigus, non divergents, rar^n^s ; sillons basilaires bien 
inarqu4s. Elytres tr^ faiblement r^trfeis en amfere, arrondis au 
Bommet, convexes, 8tri48-ponot«4s ; interstries finement pointings. 
Dessous noir, finement ponctu4. Pattes testac6es. 

Eljtres parfois brans. 

OooBG : Fraserpet, IV-30 (2 exs.), V-DO (3 exs.), VI-30 (1 ex.). 

Madras : North Salem, Aiynr, XI-30 (1 ex.) plot 20, XII-30 (1 ex.) 
plot 17. 


Gen. necfarostemos. 

Looorfidre, Gen. Col., IV, 1807, pp. 224 et 227. 
(G^otype : P. rufns Laoordwre.) 


46. P. rofiu. 


Lacordaim, he* cit., pp. 228^Caiid^Ee, Elat., IV, 1863, p, 493, t. 6, f. C**- 
Schwarz, Deutsche Ent. Zoitschr., 1901, p. 18. 

Fraserpet, 12, 30-VI-30 (2 exs.). 
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INTllOUUOTOEr. 

This paper embodies in part the results of an investigation con- 
(Incted in North Salem, North Coorg, and Vellore forest divisions, 
oil the entomology of the spike disease of sandal [Santalmn album), 
taken up by the writer under the direetion of the Foiest Entomo- 
logist. 

The Indian Fulgoridae have been very scantly studied, and with 
the exception of Misru’s work (8) on the sugarcane leaf-hopper, 
Pyrilla aherrojns, Kirby, we know very little about the life-histoi’y 
and bionomics of the Fulgoridae of India. From an economic stand 
point the Fulgoridae must be counted injurious, as all the species 
so far known, are dependent upon growing plants for their food. 
Besides being pests of agricuUintil crops, fulgorids are incriminated 
in the transmission of various virus diseases. 
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Xudiah lavestigators jregard tbe sf^ik# disease ef saadal as Am io 
a virus. If the virus of spike disease is iaseot-borae, a pemis^ 
sible hypothesis is, that the vector is oae of the domiaaat inuiects 
of sandal. With regard to the efficiency of the various groups of 
insects as vectors of virus dbeases, Smith (J2; p. 317-4JS) norites 
^ apart from three rather doubtful oases, biting insects (Cole^^tera 
and Orthoptera) seem to be concerned in the dissemination of only 
three plant viruses, while all the rest are transmitted by sucking 
insects. Then, as regards sucking insects, in the Thysanoptera 
there appears to be only one authentic case of virus transmission by 
Ihrips with four others in which the connection is not definitely 
proved.^ He further states ' considering the aphididae, these are 
found to be responsible for the transmission of no less than twenty- 
seven plant viruses, in which twenty-three species of Aphis are 
concerned. The Aphididae then are undoubtedly the most efficient 
insect vectors of plant viinises ^Next in efficiency come the 
Jassidae including Fulgoridae with seven viruses.’ 

Studies on bionomics, distribution, incidence, and morphology 
of sandal insects restrict the consideration of the probable vectors 
of Spike disease to nineteen species of Homoptera, belonging to the 
families Aphididae, Jassidae, Fulgoridae and Cicadidae; to three 
species of Curcuiionidae, to three species of Thysanoptera (thrips); 
and to one species of Acarina (red spider). 

Most of the life-history studies were made during February, 
1930, to December, 1931, in the field at Denkanikota, in Hosur 
Taluk of the Salem district. From Jhnuary, 1932, work was started 
in the Insectary provided by the Indian Institute of Science, 
Bangalore. Transmission experiments were also conducted with 
some of the selected probable vectors during the 1931-32 season^ 
(April to March), and the results obtained will form the subject 
of a separate paper. 


1. Systekatic Position. 

Melichar (6) has classified the sub-family Issidae into three 
groups, CALISCELIDAE, HEMISPHAERIDAE, and ISSIDAE, 
and the third group Issidae is further divided into three sub-groups 
(a) HTSTEEOPTEEINAE, (6) ISSINAE, (c) THIOHINAE. The 
genus Sarima belongs to the sub-group Thioninae. 
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/BiEt Vlir,}’ JSfike Dui(ue of Stmdah 

2, ikJOKOMic Status. 

is one of the very common species of Fnlgoridae found 
feeding on bc^th healthy and spiked sandal trees in North Salem, 
Codrg, and Vellore forest districts of the Madras Presidency, and 
in the State forest areas lying between Hunsnr and Fraserpet, 
bdonging to the Mysore Durbar. No previous record on the biono- 
mics of this species is available. During the course of field work 
and insectary experiments, it was discovered that the combined 
feeding of twenty-four adults and n 3 rmphs of Sarifna nigroclypeata^ 
caused the shedding of the entire foliage and the dying-back of the 
twigs and young shoots of a sandal branch in two months. A 
suppressed sandal plant at Jawalagiri under sleeve-experiments, 
was found dead within three months, due to the action of mass 
feeding by this species. S. nigroclypeata is injurious to sandal 
both as adult and nymph. 

As a consequence of the abnormal drain of sap from the plant, 
this species when feeding on sandal foliage and shoots checks the 
growth, and if its attack is prolonged and severe the foliage may be 
shed entirely, the young shoots may be killed back and thus the 
vitality of the tree reduced. The new flush that comes up after 
complete leaf-sheddiug caused by 5. nigroclypeata^ has been 
observed in certain oases to be short and clustered, but this condi- 
tion lasts for two to three months only. Like Petalooephala 
nigrilinea Walk, and others this is one of the species responsible for 
causing the general condition of stagheadedness (14) in sandal, seen 
in the sandal forests of South India. 

3. Disteibution. 

Lanouli, Matheran, Bombay; (Melichar), Aiyur, Dasempatti 
Daverbetta, Hoganackal, Jawalagiri, Muttur, Nognoor, Dduparani, 
North-Salem Forest Division ; Kottur-yelagiri, Vellore Forest 
Division; Madras; Fraserpet, North Coorg Forest Division; 
Ghamundi Hill, Hunsur, Koppa, Periyapatna, Mysore; (Forest 
Besearch Institute). 


4. Food Plants. 

This species has been observed to feed and breed on the following 
plants:-— A amara^ Dodofkea viscosay Erythroaylon mono* 
gyn^m^ Lmtana cmiara, Pterolobium inddcumy Santalum dlbumy 
Seutia indica^ Wehera corymbom. 








5^ TiKnir$ai^l& i^. Tim.sfiTi}i!r. (^^^^ 

OonsiderabU diffitstiliy was experienced at ftrst, in rearing the 
saadAl' fttlgprid^, in the building which served as insectary at 
l)eufeaiu]cbia« After many trials the following method was fcund 
to ba satiafaetory. 

These insects did quite well inside tubes of 6^x1^, the open 
end ,oi which was covered with a small piece of muslin. A small 
succulent sandal shooi with one or two leaves, was introduced inside 
the tube, as food. Owing to the condensation of moisture on the 
inside of the tube, due to the drying up of the shoot, the food was 
changed every alternate day during September to January, and 
daily during other months, of the year. No difficulty was exj^r- 
ienced in dislodging the insects from the shoots or leaves- A slight 
shake brought them on to the sides of the tube, after which the old 
shoot was removed and the insects Were carefully transferred to a 
clean tube with a fresh sandal shoot. Rearing inside tubes had the 
advantage that the insects could be examined with a hand lens 
without disturbing them much. Later sleeves 16" x9'^ and ccllb* 
phane cages, 14" in length and 5" in diameter, supporied on thin 
wire frame, covering a nine-inch-high sandal seedling grown from 
seed in a pot were used. The diameter of the cage was smaller 
than the diameter of the pot, and the space between the cage and 
the rim of the pot was utilised for watering the sandal plant, which 
did quite well. As the moulted skins are left sticking to the stem, 
or leaf, or are found on the ground, observations could be easily 
made and accurate records maintained, without disturbing the 
insects in any way. In this method, the disturbance caused by the 
first metho<l in the removal of the various stage nymphs from one 
tube to another, was avoided. As a check on the work in the 
laboratory, observations were recorded in the forest. Eggs, nymphs, 
and adults were sleeved on numerous sandal shoots at Aiyur, Den- 
kanikota and Jawalagiri and their development watched at fre*^ 
quent but definite intervals. 


6. flABirs. 

The fijmt stage nymphs on, hatchings moves up and down for a 
short time over the shoot, of sandal, and then selects a spot on ^ the 
newrjewires orum leaf bud; puncitures the surface tissue^ aiid begins 
to suck sap. Third, fourth, fifth stage* nymphs^ and adults suck sap 
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from both green and eiiberieed ehootej while the first and second 
stage nymphs feed on the fresh flush of leaves and sprouting, leaf 
buds very rarely on green shoots. Just the tip of the rostrum is 
inserts inside plant tissues while feeding, the rostrum penetrating 
at an acute angle. When leaves tire not available, the younger 
nymphs die, The pxmctures made on shoot and leaf are very 
minute^ almost imperceptible to the naked eye. Adults and 
nymphs feed dn both, healthy and spiked sandal, are delicate crea- 
tures, and are very active in their movements. They jump about 
from shoot to shoot, and plant to plant, and when approached move 
away quickly to the opposite side of a shoot or leaf. When alarmed 
the adults jump to a lieight of three feet, and the nymphs about 
eighteen inches. The flight of the adult is not strong, but it can 
fly short distances to reach adjoining plants. Adults and older 
nymphs rest on shoots, while younger nymphs rest on leaves and 
succulent shoots. The nymphs are provided with a pair of anal 
brushes, consisting of a number of wax bristles, which are handed 
black and white. They spread out these brushes fanwise, more 
particularly when they are about to moult. During the repeated 
process of spreading, the anal brushes wear out, break, drop off, and 
only short stumps project mg from the apex of the abdomen are left 
after a time. The nymphs have also the habit of carrying the anal 
brushes right over the back, and moving them sideways apparently 
to scare and drive away an appnniching enemy. The products of 
digestion is a sweet transparent liquid, which is excreted in the 
form of a fine spray, with the apex of the abdomen tilted upwards. 
The honeydew occasionally accumulates on surfaces of leaves and 
shoots in small lumps. When freshly deposited the honeydew, 
imparts a shining appearance to leaves and shoots, which subset 
quently become sooty black owing to the growth of a mould. This 
species is not gregarious. 

7. CJopunATioN* 

Copulation takes place end to end, the heads of the male and 
female being away from each other and lasts for two to three hours 
during the day time. In some cavses the period of copulation was 
found to exceed this time. The female after copulation, w^anders 
over the plant to select a proper site for laying eggs, and the male 
either remains on the plant or jumps off to anothei plant. Copula- 
tion begins within ten days after the last moult, but may be 
d^ayed for more than a fortnight. 





lidiMi Fo^t &eeord». 
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8. Ot^osiMOk. 

I’he female begins to oviposit within a week of oopulation mA 
oviposition is foUowed by further mating. lu captivity 
mgroclyfmU lays eggs by instalments, and the interval 
two successive instalments varies from five to sevep days. 
nation records of sleeved shoots in the forest indicate, that mati^ 
and oviposition goes on all round the year; so ^t females of the 
older generation may be ovipositing, when adults of a now hr 
are emerging from the last moult. 

9. Site or Oviposmow. 

The female oviposits on the bark of shoots, at the 
and shoot, on the petiole of the leaf, on old and new l<mf 
and also on sprouting leaf buds. The egp are never 
inside plant tissue. The eggs are laid singly, rarely in dusters of 
three or four, distributed all over the branch, and are struck on the 
surface with a secretion. 


10. Incubation. 

The egg when freshly laid is dull white in color, ^^ch graduaUy 
becomes pale yellow on the seventh day. The color of the egg 
changes to mixed pink and yellow on the tenth day, and & i y 
atteiL a light pink color throughout on the fourt^nth day. When 
about to hatch the pink embryo can be distinctly seen insi e 
egg shell. The body occupies just thr^ quarters ^ ** 

egg with two dark red spots, the future pes of the first stege 
nymph at the cephalic end; the abdominal segm^ts are clearly 
defined, and the long lege are seen sticking out at the sides. 

11. Doeation of Incubation Period. 

Th. tim. fto to tk, egg. to 

in April and June at a mean temperature of 80 F-82^ while 
the West time was of twenty-five days in February-March at a 

i ■> ra'fiiTA fit 74®F The average of nineteen records is of 
mean temperature ot 74 JJ. Ane averogo Rflo__«20F 

21-4 days Sd the mode is of 23 days at a temperature of 68 ~82 JJ , 
in practically all the months of the year. 

12. Hatching. 

The nymph emerges by making a slit at the «de of 
the help of the third legs, which are provided with toothed tro- 
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Till, 2 CaAtSBBfBitl Spih« Dimw of Smde^ 

olwatuv. 3f rabbing tbe toothed trochanters Against the chorion 

the Irom strithin, a meso-metastornal snture is first made, 
and is farther widened ^ the spines on the tibia and tarsus of the 
third legs. The first to come out from the egg are the head and 
rostnsat. By moving laterally and also backwards and forwards, 
the yolk skin or membrane enclosing these parts, is gradually 
pushed down the abdomen and the legs till the body is entirely free. 

13. Diffebsnt Stages in the Life-Histoet. 

Tbe nymph undergoes five moults during an average period of 
one hundred days and then becomes adult. Collecting on any day 
of the year on sandal plant, with yield almost all the stages of 
this species. The time spent in the different stages during the 
different months of the year is given below. 

First Nymphal Stage. 

The shortest time taken to moult from the first to the second 
nymphal stage was fifteen days in June at a mean temperature of 
80°P, while the longest time was twenty-four days in January at 
a mean temperature of 70°F. 

One nymph moulted in sixteen days in March at a mean 
temperature of 76°!'', while three transformed in seventeen days 
dui'ing April, June, and July, at mean temperatures of 86°F, 80°P 
and 78°F respectively. Four individuals moulted in eighteen days 
at mean temperatures of 80®F, 78®F, 770F, 70°F during June, 
July, September and December ; and four moulted in nineteen days 
during February, July, August and December at mean temperatures 
of 740 F, 780F, 790 F and 70OF. Four individuals moulted in 
twenty days during August, October and December at mean tem- 
peratures of 79°F, 77°F, 70*^F; two moulted in twenty-one days 
in January, and August, at mean temperatures of 68°F and 79®F; 
while three moulted in twenty-two days during January, February, 
and December at mean temperatures of 68°F, 69°F, and 70°F. 

The average time of twenty-three records is 19'2 days, and the 
mode is 18 to 20 days, at mean temperature varying between 70°F 
to 80°F, in practically all months of the year. 

Second Nymphal Stage. 

The shortest time taken to transform fiom the second to third 
nymphal stage, was fourteen days during February— March, at a 
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ttnupm^ie af 78^$*^ ^an4 twiit4^:!i<wv 

dlaya dating BBce«ttbfeJ^-iJ»«ua! 7 , at a iaeto i>f'88®f'. 

‘Twaaty-fonr indiyidnsilfl, took fifteen to twenty-tkfee fiaj^s to 
moiilt 'from' the second to third stage, at mean tem^ratnre vfifying 
hettreen 69®1F— The average time of twenty-six r®iSi^>rd« is 
'1'0’‘4 days, and the mode is ’1*9 days, at mean temperature varying 
between 69®F — 86®F, in practically all months Of the yeaar. 

Third Nymphal Stage. 

The shortest time taken to moult from the third to fourth 
nymphal stage, was sixteen days during April — May, at mean tem- 
perature of 82®F — 86°F; while the longest time was twenty-three 
days during Hlarch and September, at mean tempemture of 76®F 
and 7roF. 

Twenty-two individuals, took seventeen to twenty-two days to 
transform, at mean temperature varying between 68°F — 8r)°F. 
The average time of twenty-nine records is 19'9 days, and the mode 
is 20 days, at mean temperature varying between 68°F — 79°F, in 
six out of twelve months of the year. 

' } ' 

Fourth Nymphal Stage. 

The shortest time taken to moult from the fourih to fifth 
nymphal stage, was eighteen days during April — May, at a mean 
temperature of Sfi^F ; while the longest time was twenty-three days 
daring ’February, at a mean temperature of 73®F. 

'TW8iity-four individuals, took nineteen to twenty-two days to 
tminiform, at mean temperature valying between 70°F — 87°r. 
’*l'he average time 'of twenty-eight records is 20’7 days, while the 
mode is 30 days, at mean temperature varyijvg between 71°F -8()°1‘\ 
in practically all montiis of the year. 

t 

'Fifth Nymphal Stage, 

The shortest time taken to moult from the fifth nymphal stape 
to the adult hopper, was nineteen days in the month of May, at a 
mean temperature of SfPT? ; and the long^est time was twenty-four 
days during August — September, at a mean temperature of . 

Twenty- two individuals, took twenty to twenty -three days to 
transform, at mean temperature vatying between . 

The average time of twenty -five records is 31 days, ‘^hile the ihnde 





iki^e of &nul(s2. 
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ii ajftd 21 iiiyi, ftt between 69^F — 88®yi 

sunnibs ^of ik» ymr. 


14. MotTiLTlK© OF NyKFHS. 

Wben abont to ntonli, n tne Bnptnre ii^ppea^s Ir^ tbe ^vertex 
to tbe ha»e of the metanotum. T^e bead af ’<be e«eiig:ii^ 

OT adnlt ift pushed out first, and the moulted skin previously cover, 
ing the head and thomx oiMJiipies^a vontivil’ position. The emerging 
nymph or adult slowly crawls out, and the moulted skin is .always 
left attached to the undersurface of leaves or on hark of shoots hy 
the legs. The whole process of moulting from one stage to another 
occupies thirty minutes. 

16. Seckntly MounTBD AnwLx. 

In a particular case on the 13th March a freshly ‘^ans- 
formed S, nigroclypeata adult was closely watched, .md . the lelkiw- 
ing observations were recorded with regard to its coloration and 
development : — 

8-30 A.M. — The fresh adult is whitish in color; eyes reddish; 

wings white; abdomen elongated, with light pink 
streaks between eyes, at middle of pro-and ineso* 
notum, at base and sides of metanotum, and on 
» first abdominal segment. Wings about a qtiarter 

of the length of the body; legs and rostrum 
whitish. 

8-45 A.M. — Wings whitish, and have grown to three-quarters 
of the length of body. The abdominal segntents 
have contracted. 

8- 50 A.M. — ^Wings still whitish, but have expanded, and 

covered the abdomen, leaving only the sixth =«»nd 
seventh segments exposed. 

9 A.M. — Wings as long as the abdomen, darkidi white; 

venation of tegmena distinct; pink rings visible 
in between abdominal segments; eyes dark. 

9- 25 A.M.—Spines on eyes become visible; rosti^um brown at 

base; femur and tibia darkish at places. 

9-35 A.M. — -Wings have become darkish with spots. 

"^-§0 wi.ic.--^The hopper has assumed its yellowiih brilWii eolof a- 
ikin with ^ferk brown speckling, *legs ^llowtsh 
with dark’ br<mx stripes. 



16. Lipb PS iamm. , ' ' ‘ , , ’ .4 

la nataro tbe imago of Sarvma id^rtk^^peata, ^ald liava a 
maximum life of three to three aad a half moaths throuj^out lha 
year, la captivity iasida sleeves, aad iu iasectaiy cages, six 
records of adult life have heea made hetweea lanuary aad Hcvem- 
b«r, with a raage of 98 to lOT days. 

17. Fbctjnditt asp Skx Batio. 

The female hopper lays elevea to twelve eggs at a tiaoe up to a 
total of im. Gounts ia the overies have aot been made. The sex 
ratio based on reared colonies is 1 : 1. 


18. DxrauTioN OF Lif£-Ctoue. 

The following table summarizes the time variation in the stages 
of the life-cycle : — 


Stage. 

Shortest period 
(day#). 

Longest period 
(da 

Avetage period 
(day*). 

Bgg 

17 

25 

21*4 

flrvl insUr • • « • 

15 

24 

19*2 

i 

Booond 

14 

24 

16*4 

^iL'Jliurcl 9t • * * • 

16 

23 

16*6 

Fourth „ • • • • 

* 18 

23 

m 

Fifth >>•••• 

10 

24 

21* 

Total 

69 

143 

121*6 days 


The difference between the shortest and the longest periods from 
oviposition to adult is 44 days. The average is 121*6 days, and the 
mode is the same. 


19. Effect of Temfebatcbb on Devblopmeiit. 

The difference of fourty-four days between the shortest and the 
longest records of the life-cycle, may possibly be due to differences 
in temperature. The temperature records, do not support wAannnnl 
variation in the rate of development of the different broods during 
the year. For example in the months of Becember — January at 
mean temperatures of 68 °Ft- 71°F, the egg takes 23 days to hatch; 
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;'^;;4lM;,'iii»tt0 of llsvdb! at .a mean t^pavatwra of' 74°F, 'tibw '«|if 
4 |i^« to iMteli; wibilo im iie adeotk of ^naa at a awHi 
tbe egg took 23 'Saya to Wtohv Fxoai; akoye 
iito dorolepMeBt ia mdefond^t oi tk« aiaWi 
.4nnm§ (litiei'ent sumiha of the y«ar. Heat f4 the 
ilimaaiiMniaa^laa el the differeat sta^ee, take place wilhm 17 to 
iagm at Jaeaat teaifMsifatwres varyittf from 68°F — 37®F. Thia mi- 
iamity ol developiiMatt thief'^hoat the year, k to be expected ol a 
sjNlciaa ad^neted to an eqambie eliiaate. Sminta nigroelyjtea^ k 
aetiive thimi|^ho3t tiie year. 

20. IfmiBjsK or CteinfiajifnoNs. 

AHowiag a furtaight for mating and maturation of the egg, it 
k evident that a minimum life-cycle of 99 days, combined with an 
average life-cycle of 121*6 days, permit a sequence of three genera- 
tions in a year. As the adults live for over three months, and 
the %g laying also goes on a long time,, the generations overlap. 
Under insetdary eondittons three broods have actually been carried 
through, the first in January to April, the second in May to August, 
and the third in September to December. 

21. Biotic Potential. 

Assuming that the egg laying mpaeity of this species is 124 
eggs per female, the sex ratio is 1 : I, the number of individuak 
produced fiom one egg is one, and the number of generations per 
year is three, then the annual biotic potential for the species 
starting with a single pair is 

(2x62x1)^ = 1906624 individuals. 


22. SaMsowAL Incidence and Kelative Aucndance fkom Quanti- 
tative AND Field Collections. 

The samples of the population of sandal insects, made at regular 
interns by. field assistants under the writers’ direction, were 
analysed at Dehra Dun by Mr. C. Dover. The diagmms given in 
Plate II are prepared from his data, and are (orrected modifications 
of those issOed on pp. 16, 17, of the 5th progress report of the 
SaadMl Spike Working Committee, (3; pp. 16 — 17). Of the tota. 
^ 2,9118 speeiBaeik, obtaiiaed in one year’s quantitative collections 
from tike samplo pldts at Fraserpet, Jawniagiri, Aiyur, and Eottur ; 

B 



tfc® Aiyur plots yielded 53 per cent., JiismlagM 4» |MB)f ,: 

Fmierpet 4 per eeiiit.^ Kottur 2 pet eent., PI. II, Af 

Ptaserpet this apeoies i$ telatmly mmi abuadaat ip pfct SFo. 6, 
trbieli is heavily spiked, aad least abundant in plot Ko. S, wbiob 
is healthy. At Jawalagiti 5. niffroolyjmfi^ is mote or leas nut- 
fbtnaly present in all the plots. Its relative high oecarrenee in 
spiked plots 9 and 14, iti which the ground vras dng tip ahd 
manured, and the spiked trees were removed every month, is worthy 
of note. The low figure for plot 10, is due to the fact, that the 
plot was completely burnt by fire in April 1981 , an4 cjuantitative 
collections were not made in tbe plot, for a sul^sepuent period of 
about five months. At Aiyur this ^cies is relatively more 
abundant in the healthy plots 16, 17, and 18, pi. II, fig. 1. ^ Its 
abundance in spike plot 20, is more or less the same as in spiked 
plot No. 9 of Jawalagiri ; and the species is fairly abundant in the 
heavily spiked plot 19. At Kottur, though it occurs in all the 
plots, this species may be considered as relatively rare. The graph 
for seasonal incidence, pi. II, fig. 3, shows that there is a gmdual 
increase in abundance from April to August, followed by a decrease 
to November; the population increases again, but less abundantly 
in the cold months Decemher and January. 

During the period March 1930 to March 1981, a separate collec- 
tion of 1202 S. niyroclypeat/i was made on sandal from numerous 
localities by sweep netting at regular intervals. Here the monthly 
totals do not indicate any marked seasonal variations, but adults 
and nymphs occur each month. 

These observations on the free population confirm those made 
on caged individuals, namely that the species is active throughout 
the year, 

23. Night Collections. 

During the period October to December 1931, collections on 
sandal were made by field assistants in Denkanikota range, for one 
hour on alternate days at night, and out of a total of 250 specimens 
of Hemiptera obtained, S. nigroclypeaf^ represented 11 per cent. 


24. Enemies. 

nigTocIypeufn in its nymphal and adult stages, does not 
suffer from the attacks of parasites and predators. Pawitism by 
a cbalcid (P), was noted on one occasion ip December 1980^ ^0 

py editors beep observed, 
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{j9$ii^nfitim the 'omiom stages PU 1; Figs* 1 to IS*) 
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26. Eaa. (PL 1; Wig. 1.) 

i>?aL d^pr 08 »ed, rounded at both ends, with a short pedicel at 
0\e cephalic end, wlfich is slightly narrower than the posterior 
end, ’ Chorion not sculptured, but shows at certain angles fine 
broadly spaced furrows, which are straight on top but curved at 
sides. Length including pedicel 0*96 — 1*25 nam; breadth 0*35 — 
0^50 mm. 


First Stage Nymph. 

On emergence from the egg, the nymph is of pink to crimson 
in color. It acquires its general pinkish-brown coloration with a 
whitish bloom within 48 — 73 hours. Eyes dark red; face, vertex, 
middle of thorax, and abdomen pale throughout; pro and mesono- 
tum pale or whitish at the lateral margins; metanotura pinkish 
brown; abdomen hasally pink, apically pinkish brown; apex of 
tibia, tarsus, and rostrum whitish or pale; antenna and base of 
rostrum pale blown to brown; legs banded brown. Sensory pits 
whitish or pale some surrounded by brown rim. Anal brushes white 
with black Iwiiids, and begin to grow within 12 — 24 hours of hatch- 
ing. The proportion of anal brushes to the length of the body of 
the nymph is about 1 : 1. 

Head narrower than pionotum. Vertex slightly produced in 
front of the eyes, lounded at the anterior margin, angularly emar- 
ginate at the posterior margin. Face a little longer than broad 
convex, apical and lateral margins faintly ridged with a fine central 
longitudinal carination, with a series of sensory pits on apical and 
lateral margins. Thoracic segments distinct, mesonotum longer 
than pronotum, inetanotum about twice as long as pronotum; ante- 
rior margin of pronotum angularly prodm^ecl in between the eyes, 
posterior margin sinuate, with a series of 8 sensory pits placed 
obliquely on either side of the mid dorsal carination, which runs 
from base of metanotum to apex of pronotum. Mesonotum with 4 
sensory pits on either side of the mid dorsal ridge. Metanotum 
with 3 sensory pits placed obliquely on either side of the mid dorsal 
carination, I^ogs of moderate length, third pair longest. Posterior 
troc^hantor only dentate, apex of tibia and first tarsal Joint of .the 




third ieg with small .brown a^i-ciM/;f Mtch< Antarior leod 
mediate legs without spines. tFarsal joints two, first joint shoitfa' 
than the second in the and iaatemaediate legs hdl loiiget ' 

than the second in the posterior leg. Abdomen with srroa diWaif- 
nible segments, first segment smadl, third, fourth, fifth tmd 
segments, each with 2 senimry pits, on either side near lateral 
margins. Anal brushes come out from twc^ small hi^^lT-ehaped 
white pads, situated at the sides of apparency the last al^miaal 
segment, hlaoh brush is composed of a bundle of white wnX 
bristles, which increases in length with the age of the nym|di, an^ 
becomes banded with black. Length 1 mm.' — 1‘2& mm; length of 
anal brushes 1 mm. 

Second Stage Ngmfli, 

A freshly monlte<l seoond stage nymph is pinkisli white itx color ^ 
with pink spots on both dorsal margins of abdominal segments and 
also at base of first abdominal segment. Three pink spots siinated 
in a triangle are seen at the apex of pronotnin. The eyes are at 
first pink, and then turn deep red. Legs and proboscis are whitish. 
In mature specimens the general coloration is pinkish-brown. 
Vertex and face pale yellow ; antenna, elypeus, and base of rostrum 
brown. Thorax and abdomen pale at middle; pro and mesonotum 
pale at lateral maigins, metanotum brown with pale spots at poste- 
rior margin. Legs pale handed brown, abdomen pinkish white at 
base, pinkish brown at apex. The anal brushes begin to grow after 
24 hours of moulting, and the proportion of the length of the 
brushes to the bodj^ of the nymph is about 1 : 1. 

Head including eyes not as broad as pronotiira. Vertex sub- 
pentangular, about twice as broad as long, slightly produced in front 
of the eyes, with a fine central carinate line. Face as in the first 
stage nymph, slightly ampliated, sinuate before elypeus. Clypetua 
short, robust. Pronotum shorter than mesonotum, transveMdy 
smaller than the following two segments, sinuate at base, anterior 
margin angularly produced in between the eyes, a faint median 
carination present, with 9 sensory pits placed obliquely on either 
side of the median ridge. Mesonotum faintly tricarinate at middle, 
with 4 sensory pits on either side of the carinatioas, Metanotum 
with a faint median carination, sinuate anteriorly, posterior 
angularly produced at sides about twice as long as protkOtmtUy* witte 
2' sensory pits placed obliquely on either aide* Apex of tiilili mEmk 
first tarsal joint of the thii^ leg with smail brown apiwii^ & OW eidhu 







of SandM* 



fii ingfi sfibes. I^egs mi tarsitl joints 

ii^ t^o first nymph* Abdomen broad at base, tapering 
p^|erioriy, aMominal segment transversely smaller than the 
soeond Ihird, fourth, fifth and sixth abdominal seg- 

menta^ mp% with t sensory pits, on either side near lateral margins. 
The abdoifioJi is mildly ridged mid-dorsally in the male which is 
smaller than the female. Anal pads larger than those of first stage 
nymph* Anal brashes as in the first stage nymph but with more 
numerous bristles. Length I’S mm — 1‘75 mm; length of anal 
brashes 1*75 mm; greatest breadth over thorax on the metanotam 
0*85 mm; breadth between the eyes 0*65 mm. 


Third Stage Nymph, (PI. 1; Fig. 2.) 

♦ Oeneml colour pinkish brown. Vertex, face, clypeus at base, 
middle of thorax and abdomen dorsally, apex of rostrum pale or 
pale yellow. Femora, tibifie and tarsi i darkish, banded. Compound 
eyes dark red, with a thin w'hite film. Antenna, clypeus, and base 
of lostruni brown. Pro and mesonotum pale at lateral margins, 
inetanotum with pale spots. Abdomen whitish pink brown, basall^ 
whitish pink, apically pinkish brown above, with pale brown patches 
on the third, fourth and fifth segments Ikeneath. The anal brushes 
and the bands on them are most eoiispicuous in this stage. The 
ratio of the length of the ana! brushes to the length of the body of 
the nymph is a}>out 1*5: 1. 

Head, vertex, face, clypeus, pro-meso and metaiiotum, as in 
second stage nymph. The faint mid dorsal carination on the pro- 
notum is continued over the meso and metanotum. The angularly 
produced anterior margin of the pronotum is slightly raised and 
ampliated. Pronotum with 12, mesonotum with 8, and metanotum 
with 4 sensoiy pits placed on either side of the medio-dorso-longi- 
hidinal carination. l^egs and tarsal joints as in the second stage 
nymph. Apex of tibia and first tarsal joint of the posterior leg 
with 5 brown spines on each. Abdominal segments as in the second 
stage nymph. Second abdominal segment with 1 sensory pit, third, 
fourth, fifth and sixth abdominal segment each with 8 sensory pits 
on either side near anterio-lateral margins. Anal jmds larger than 
tliose of the second stage nymph. Anal brushes as in second stage 
ayiapti bat with nmre numerous bristles* Length 1*80 mm. — ^2*25 
pwa ; length anal brushes 2*75 mm, — 3*5 mm ; breadth over thorax 
eii 4lta 1*25 mm; bi’cadth between eyes *9 mm. 




F^nt&h Sta04 


Similar in coloration to tkinl nympji tnt more dark Wwa» 
Vertex, pro-meso and metathomx, inwn, mottled. Abdomen 
brown, with transvem pink bands in between segments, more 
brown apically. First abdominal segment castaneons at tbe ex- 
treme lateral margins* Sixth abdominal segment with a castaneons 
spot at middle of the posterior margin. Face brown, apeckled; 
elypeus at base pale. Femur, tibia, and tarsus pale, banded brown. 
Eyes dark red. Antenna, clypeus, and base of rostrum dark brown. 
The proportion of the length of the anal brushes to the length of 
the body of the nymph is above 1: 1. 

Head, vertex, face, and clypeus as in the third stage nymph. 
Pronotum smaller than mesonotum or inetanotuui. The medio- 
dorso-longitudinul i^arination runs from vertex to base of metaiio- 
tuin. The angularly produced anterior margin of the pmnotiim 
slightly elevated and ampliated. Pronotum with 15 sensory pits, 
placed obliquely on either side of the median ridge. Mesonotum 
tricarinate with 8 sensory pits, 5 near middle and 3 on tegniinal 
region, on either side. Metanotiim with 6 sensory pits in two 
groups of 3 each, on either side of the median carinatiou, one group 
near middle and the second on tegininal i*egion. Tegmiua on meso* 
and metanotum present, but small and inconspicuous. Legs and 
taisal joints as in the third stage nymph. Apex of tibia, and first 
tarsal joint of the posterior leg, with t) black sjiiaes on eiudi. 
Abdominal segments us in the third stage nymph. Second ubdomi- 
uui segment with 2 sensory pits, third, and fourth abdominal 
segments each with 4, uiul fifth, and sixth segments eucli with 3 
sensory pits on either side near anterio-lateraJ margins. Abdomen 
mildly ridged mid dorsally in the male which is smaller than the 
female. Anal brush pads, larger than those of the third stage 
nymph. Anal brushes as in third stage nymph but with more 
numerous bristles. Length 2 mm. — 2*5 mm ; length of anal brushes 
2 mm. — 2*25 mm; breadth over thoiax on the metanotum 1*6 mm; 
breadth between eyes 1 mm. 

Fifth Staye Nyviph, 

General coloration, j>ale pinkish dark broum or black. Eyes 
dark red with a whitish film. Vertex, face, pro— aiad mesonotum, 
and first four abdominal segments over a greater area, pale with 
dark brown or black mottling. Pronotum wuth brown Spots; 



xai<Mle^ and at aiitetid-^Iateral area; metaa^tam 
datfc brinvii or blaofe, with large pale spots. Two oblique pale Imm 
ba the iaotaiH4tthi, on either side of the median ridge, reach as 
far as the mesonotal carinations. Apices of tegmina, apical three 
abdominal segmeiits, clypetis except at base, base of rostrum, and 
anteuna dark brown or black. Abdomen in between segments pin* 
kish above, with a pair of large dark brown or black patches on the 
third, fourth and fifth segments, beneath. t>egs banded dart brown 
or black. Tegmeu dark brown or black, conspicuous with pale, and 
brown, or black striations. The wax bristles (‘omposing the anal 
brushes are most numerous in this iusiar, and the propoition of the 
length of the anal brushes to the length of the body of the nymph 
is about 1-5 : 1. 

Head including eyes narrower than pronotum. Vertex subpen- 
tangular, its base angularly omarginate, with a fine carinate line, 
twice as broad as long, slightly produced in front of the eyes. Face 
slightly anipliated, senscny pits at apex and sides, sinuate before 
clypeus, with one central and two curved marginal t‘arinations 
which meet at apex. (HypeUM short, robust, shining. Antenna 
dark brown, second joint longer and stouter than the first, globose, 
with a number of fine sensory pits and hairs. Basal aristal knob 
minute globose. Pronotum transversely smaller than the following 
two segments, sinuate at base, anterior margin slightly ampliated, 
and angularly produceil in between the eyes, with 18 sensory pits 
pla<MHl obliquely on eilUct side of the imalian carination. Mesono- 
tum ii'icuriiiale angularly produced posteriorly at sides, with J1 
sensory pits on either si<le, 5 near middle in one groiq^ and 0 dis- 
tributed over the tegnn’nal region. Metonoiuin sinuate anteriorly, 
angularly produced at sides posteriorly, with 8 seiis^iry pits placed 
in one gioup iimr middle on either side ot the median ridge. Teg* 
mina conspicuous. Posterior legs longest with the trochautei'S den- 
tate. Apex of tibia, first and second tarsal joints with small black 
spines, the number of spines l>eing 7-8 at apex of tibia, 7-10 at 
apex of first tarsal joint and J-8 on the secojid Uirsal joint, lursul 
joints two in the anterior and intermediate legs, but three in the 
posterior leg. Abdominal Begmeiits as in the fourth stage nymph. 
Second segment with 8 sensoty pits; third, fourth, and fifth seg- 
ments each with 4 sensory )>its, and the sixth segment with 3 
sensory pits, on either side near apical margins. Abdomen mildly 
ridged in the male which is smaller than the female. Anal bruslt 
pads, larger than those of the fourth stage nymph. Anal brushes 



m m lawtli fc4#»e ufmpk Im^'^’ir^tiat iiwJ^PMWfi 
£3abe»r<Mil gmikd oi^p^ns' bcoirn bl«i^k, IjeHftk 2^7§ 

4’5 mm; lapgtli oi iwl l^tishea 6 mm.-r-^ 76 Wm j jbi!»ia4tli 
Urnmx m |4« bi?eia4l3b ^yas J‘5 

(PJ. 1; F%. 3.) 

* Yeft^x twice 98 broad as long, surface deepened m tbe luiddi^, 
Vt'ith white grainy middle line. Pa<*e ^aiuewhat i<^88 I<(mg thait th^ 
inaximupa breadth, tapering between eyes on sides, surfaces ro^indei 
to elypeus flat, sprinkled with deep brown, with three obvious eari* 
Hatipps, lK»uuded with each other in the middle of upper mi^glu 
of face, the lateral carinations are close against the sides of the 
face, the middle carination runs through the length of face upto 
ciypeus. Clypeus with the exception of a small yellowish’- white 
base; black, glossy, and not keeled. Pronotuni and mesonolutn 
brown or black spotted, the later irith three obvious longitudinwl 
carinatinns. Tegmeu longish, narrower at the apical end, brownish 
yellow, sometimes irregularly black spotted. At the apical end 
both th.e radial veins run closely towards each other. From the 
root b**|inches a shorter nerve Joins in a loop w^ith the outer mdial 
m»iwe. Wing smoky brown. Underside pale yellow, sometimes 
with dark longitudinal markings and on either side are present a 
row of black dots. Ijegs pale yellow, fumur with brown longitu- 
dinal stripes, on the tij>s of tibia are seen small dark dots $ 

length 5 mm.’ 

Ihe male is smaller than the female. In twelye specimans of 
males and females selected out of a large number of specimens, the 
length from apex of vertex to the apex of tegmina, varied from 4 
mm. to 4*5 mm,, the average being 4*2 mm. in the case of the 
male; and from 4*75 mm. to 5*5 mm., with an average of 6 mm-i 
in the case of female. 

27. Development ot Antennae and Presence oe SEwnoRT JPitr 
AND Hairs on the Second Antennal Joint. 

In the first instar the second joint of the antenna is robufi^t^ 
globose, studded with minute projections, being longer and broader 
than the first joint; which is small, plain and annular. At the 
apex of the setiond joint is seen a knob, the aristal knob, with two 

' " ' \ ' ' -"i-’inir.-M-ii- ■ ■ r ■ T--- I I — n 

(* Footnote.— D« scripii(« traaoiated from IfflUoglkimbie iw? tar 

liiiliiBlwr.) 
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!li^N»il(»a, latend ia jal^a.tiU^ '8^, 
'iri-'l; #%• &- ' I# th* »««*i4 isastw, the seoo»d joiitsitj 
fke aoteanal kiw^a, are spiuukfe or. are studded witfe black nr j»#e 
'W jdfefcctbry s^^s on tbe second joint. At one 
«8tiie o| tbi nmimmal knob^ ane seen two long bairs, with tew small 
kuberelee j^siebnUy sensory i« function j and on the tj^jiimsite side is 
seen a small pointed tubercle outside which the auteuual seta 
Arises. In the third iustar, the second joint with few small, 
idlautory pits, is also l<»gor and luoader than the first. Both the 
second joint, and the antennal knob, are studded with black minute 
projectjcms or blunt spines, with small spines and hairs at apex. 
The large hairs on the aristal knob seen in the second in star ai'e 
uho pnesent and the seta arises from the kuob laterally. In the 
fourth instar, the second joint is with small olfactory pits, minute 
spines, and hairs, all over, more so at apex. The auteuual knob 
is small, globular, studded with minute spines, and the seta arises 
laterally. In the fifth iustar, the second joint is spinulate with a 
number of stout, pointed, transparent setae. A series of large 
sensory foveae are seen on the second joint each with 5-7 thin 
triangular pointed projections at the outer edge. Antennal knob 
with sensory pita, fine hairs, and minute tubercles, at apex. In 
the adult stage, PI. 1 ; Fig. <», the second joint is spinulate also, 
with a number of stout, transparent, pointed sete, amongst whi<di 
are present a number of large olfactory pits; each with 7-JO Ihiu 
triangular pointed projections at the outei edge. Antennal knob 
small, smaller than that of the nymphs, globose without hairs, but 
with sensor}’ pits and minute tubercles. The seta arises laterally. 

28. DEVEliOPMKNT OF LK(i ANI> PrKSENCF, OF TACTILE HaIBS. 

Tbocuawtuk : The tm’hanter of the posteiior leg in all the 
uymphal stages, is dentate at the inner margin, Pl. 1; Fig. 9; 
which is not seen in the anterior and intermediate legs, nor in any 
of the legs of the adult. 

Femur ; In the first and sewnid stage nymphs, the femur of the 
anterior and intermediate leg, is studdtd with small setse and hairs. 
In the third and fourth stage nymphs, the femur of the first and 
second leg, is studded with small whitish pointed spines, besides 
eetm and hairs. In the fifth stage nymph, small pointed brou’nish 
spines are present in double row on the fumur of the first and seixind 
leg, besides the seise and hairs. The fumur of the posterior leg, is 
with smell fine fi|>iculse in the first four instars, and with 
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small aeto in the fiftli iiistar. In stage tke fnxaut Ike 

anterior^ intemediate and posterw leg^ is similar to lliat ihe 
fiftli stage nymph. 

Tibia : The tibia of the first and second leg in all the nytnphal 
instats, and in the adult is destitute bi spines PL 1; Pig. lit 
tibia of the anterior and intermediate leg, PL 1; Pig. 18, is studded 
withj small fine hairs in the first instar, with fine spioulm in the 
second instar, and with fine setse and hairs in the third, fourth and 
fifth instars and also in the adult. The tibia of the posterior leg 
in the first instar has besides fine haiis, 4 castaneous«tipped spines 
at apex PL 1; Pig. 7. In the second instar, besides fine spiculm, 
theio are one spine at middle, and 5 spines at apex of the third 
tibia. In the third instar, besides sette and hairs, are present one 
brown-tipped spine near base, one at middle, and five at apex of 
the third tibia. In the fourth instar are present one brown-tipped 
spine near base, one at middle, (i at apex, and one spine in between 
the middle spine and the apical spines besides set® and hairs. 
In the fiftli instar besides setie and hairs, are present 7 or 8 black- 
tipped spines at apex in addition to the three spines seen on Uie 
tibia of the fourth instar, PL 1, Pig. 8; and 8 black-tipped spines 
at apex with only two other spines, the basal spine being absent, 
in the adult. 

Takstjs ; The number of tarsal joints in the anterior, interme- 
diate, and pusicrior legs, of the first four iiistars, is tuo. lu the 
fifth instar, the number of tarsal joints in the first, second and 
third legs, is two, two, and tliree resj>ectively. In the fourth and 
fifth iustars, tlie first tarsal joint in the 2 >oHterior leg bcn^omes pro- 
minent, and remains so in the adult stage, in which the number 
of tarsal joints in all the legs becomes three. In all the nymphul 
instars, the first tarsal joint is much smaller than the second in the 
anterior and intermediate legs and longer than the second io the < 
posterior legs. In the fifth instar, the first and the third tarsal 
joints are subequal, but the first joint is stouter and more prominent 
than the third, which is slender and bears no spines. In the adult, 
the third tarsal joint is longest, being longer than the fust mid 
second put together in the first and second legs; but in the third 
leg the first tarsal joint is longest. 

The tarsal joints of the first and second legs in all the nymphul 
instars and in the adult, are destitute of spines. 

In the nymph of the first instar, 4 brown-tipped spines are 
present at the apex of the first tarsal joint in the posterior leg, the 
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joiiit is witlu>i|t spines. Few smaE tactile hairs. are present 
nA tlin tarsal joints of all legs. In the second insiar fine tactile 
haifS are mostly present ventrally in all legs, more so on the third 
leg» the apex of the first tarsal joint of the third leg, are 
seen § brown4ipped spines ventrally. Spines are absent on the 
second tarsal joint. In the third instar 5 brown-tipped spines 
ocetir at the apex of the first tarmil joint, the second tarsal joint is 
devoid of spines. Tactile hairs are present on both the tarsal joints 
of the first and second legs ventrally, but are more abundant on the 
tarsal joints of the third leg. In the fourth instar, tactile hairs 
are present on the tarsal joints of all legs as in the third instar 
nymph. There are 6 brown-tipped spines at the apex of the first 
tarsal joint but none on the second tarsal joint. In the fifth instar 
tactile hairs are distributed all over the first and second tarsal joints 
of the anterior and intermediate legs venti-ally. lu the posterior 
leg, the second tarsal joint is smallest, the third tarsal joint is 
less hairy than either the first or the second, on which hairs are 
concentrated Ost the apex. There are present 7-10 black-tipped 
spines at the apex of the first tarsal joint, and 1-3 spines on the 
second tarsal joini, but none on the third joint. In the adult, 
haii*s are distributed all over the three tarsal joint of all legs, but 
they ai’c more abundant ventrally. The hairs are small, pointed, 
and arise out of circular translucent spots. The first tarsal joint 
. lias 15 black-tipped spines at apex, the second tarsal joint only 2, 
while there are no spines on the third tarsal joint. 

Claws: The tarsal joints in nil nymphal stages, and in the 
adult, end in a pair of light to dark brown, cufveil and pointed 
elaws; in between which is a bunch of aiuall tenent hairs bent at 
tips, PL 1; Fig. 10. 

29. Anal Pads and Uiutshes. 

Nymphs of all instars have a pair of small, thi(‘k, kidney shaped, 
white pads, one on either side of the anal ])late, from which the 
anal brushes develope. Each brush cunsists of two bundles of 
white, rather stiff, w^ax bristles; placed very close to one another. 
These bristles increase in number with each moult, and become 
banded with black at different places throughout their lengths. 

The base of each bristle, is in the form of a circle or ring with 
an internal transparent area, bordering which are small transparent 
spots, the bases presumably of minute sefae; which are not dis- 
cernible under low power. In between these circles are present 
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^till lai 5 g^ 8«t». Wbea seen un^er powar, iltese riagB j^pifM^ 
in the lorm of shallow eupe or pit# ’with the e4gie8 pro|ected; iWiJ^ 
each pf which are seen :hfteen to seTeateeo very minute aetie, in Ijhe 
case of the nymph of the fifth itietar , 

l%e »nal bintshes and pads drop oft with the esUtitun, and 
fresh bristles arise in their places as the nymphs continue to feed 
and giw, after every moult. If the In-istles fermin§ the anal 
brushes, are cut oft or removed intentionallv in the middle of the 
nymphttl they again grow and the nymph does noi appear 

to be in any way the worse for th<*ir removal. 

The pads bec^ome larger in siae with each moult. In the nymph 
of the first instor the number of anal bristles on each pad is aeven^ 
PL 1; Fig. 13, in the second instar nine, in the third twelve, ill 
the fourth sixteen, and in the fifth iustar over sixty, PL 1 ; Fig. 14. 
In the adult stage the anal pads entirely disappear, and no brushes 
are seen either in the male or in the female. 


30. Guow’th of Anal Bhushks and theih Function. 

The wax bristles composing the anal brushes hre most numei'ous 
in the nymph of the fifth instar, and the bluishddack l)iands on 
them are most consjiicuous in the third instai . In order to deter- 
tniiie the time and rate of development of the anal brushes, a 
nymph of the third instar was kept under observalioii from 10 a.m. 
on the 27th Februajy 1931. The brushes were not visible on the 
first day. The anal brushes wTien they first appear, are glistening 
milky white in color. On the secjond day only a small white stumf) 
was seen to come out. On the third day the wlute brushes were 
with two glistening bluish black bands, and had attained only half 
the length of the body of the nymph. On the filth day the brushes 
had grown to three-quarters the leiigtb of the body pf ,tjie nymph, 
and had three bands. On the eleventh day the brushes were < 111 # 
and a quarter tunes the length of the body of the nymph, and 
showed four bands. On the fouiteenth day ^e nymph was seen to 
have develo[)ed five shining bluish-black bands on the brushee, 
which were a little less than one and a half times the length of the 
body of the nymph. On the sixteenth day, the brushes were found 
to have grown a little over one and a half times the le|]gth of the 
body of the nymph, and had developed seven bands. The relative 
position of the bands on the brushes was as follows: — ^The 
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tkird atd ftftk, ditd fifth m4 
the from the apex of the aMo^- 

atoH Ih^ tot tn^d, mA from the fitst to the eecood band were 
' 1%# distatioee between the second to the third, the third to 
the fourth, aad the fourth to the sixth were subetiuul. The 
between the sixth ared the seventh trand was longent. The 
dietahoe between the toh and the sixth band was about equal to 
thiid^ between the tot ami second. The seventh band wuvs longest 
Hind beyond the seventh Imnd the brushes extended for a distance 
equal to that between the fifth and sixth band. At 2 r.M. on the 
sf^teonth day the anal bristles were seen reduced to meie stumps. 
The Imgtie «aal brushes grow with the nymphs and after a certain 
stage dwindle prior to moulting. With age the brushes loose their 
stifiuess and luster. 

The exact function of the anal brushes is not understood, nor 
is the development of tfie bluish bhick bands on them. The object 
of spreading the brushes fanwise, and of (tarrying them over the 
back, may be to scare and drive away predatory and jmrasitic 
insects. 

31. Male Genitalia. (PI. 1; Pig. 15.) 

Aedegus short, phallosoitia four lobed in the regitm of the 
mouth, the two dorso lateral lobes hard, }W)inte(l, each carrying 
smiall, thin, legumo-shapefl, appendages, pointed and curved at tip, 
and serrated at the outer edge. Conjunctiva appendages well deve- 
loped, flattened, spinulate at the distal ends, with two pointed 
secondary proi^evsses. V(>sica wdde, and blunt at apex. Paraineres 
broad, studded with thin spines, slightly produced at the posterio- 
dorsal region with a thin process before the posteiio-d(»rsal corner, 
where it is slightly twisted. 

32. Eyks. (PI. 1; Pig. 4.) 

The surface of the compound eyes in all the nymi>hal stages is 
glabrous, but in the adult stage the eyes are studded with very 
minute spear shaped spines all over, except for a small area near 
the antenme. 

33. Distinction between JTymphal Instabs. 

The differences between the nymphal iustars, are but for appear- 
ailce and sisste minute, and the nymphs of the different instars can- 
not be separated easily without making a special study of thnir 
oharacteristics. The distinguishing characters lie in the number 



ot sensory |>ite on pro meso and n^n#nin, and nlaoi on tke 
to sixtb abdotnisnl eegmentsi and in ^ development o£ spines <xa 
tibia and apioes of first end second tarsal joints of the posbe^or leg, 
A reference to tbe ftdlowing table vill indicate the diffm^t sts^ 
nymphs aocu»ately. 



Kntns. 


Part of body. 

ut 

stage. 

2nd ’ 
Stage. 

Srd 

St*ge. 

4tli 

Stage. 

— 

lidulii 

Number of eeoeiiry i»ts on 
Fronotnm. 

8 

9 

12 

16 

18 

0 

Number of aemcry pita on 
Meeonotum. 

4 

4 1 

8 

6 

U 

0 

Numlier of sens ry pits on 
Metanotwm. 

2 

i 

2 

4 

0 

3 

0 

NuTutier of sons^jiy pits on 
Ist abdominal sognumt. 

0 

0 

0 

0 

0 

0 

Number of sensory pits on 
2nd abdominal segment. 

0 

0 

1 

2 

3 

0 

Number of sensory pits on 
3rd abdominal soument. 

2 

2 

3 

4 

4 

0 

Numlier of senHo ry pits cm 
4ih abdoininai rt^cment. 

2 

2 

3 

4 

4 

0 

Number of aeasoiy pits on 
6th abdominal segment. 

2 

2 

3 

3 

4 

0 

Number of sensory juts on 
6tli abdominal scgmtiii. 

2 

2 

3 

3 

3 

0 

Number of tarsal joints to 
anterior and intermediate 
leg*. 

2 

2 

2 

2 

2 

3 

Number of tarsal joints to 
posterior legs. 

2 

2 

2 

2 

3 

3 

Numl)er of spim^ on and at 
apex of 'ibia (d posterior 
leg. 

04-4 

14*5 

24-5 

34 6 

34-7 or 8 

24-8 

Number of opines at ajiex of 
first tarsi 1 joint of posterior 
leg. 

4 

6 

8 

6 

7 to 10 

16 

Number of spines at apex of 
second tarsai joint of 
posterior leg. 

0 

0 

0 

0 

I 

i 

1 to 3 

1 

2 

MM 











34, 8lJHMAEt, 

nigtmlyfmta is one of the commonest Koppers on sandal 
in Sonth India, and feeds on seven diffeieiit plant species besides 
sandal. The nyjnphs of the first and second instars sack sap from 
the new leaf flush and sprouting leaf buds;, while the nymphs of 
the third, fourth and fifth instars, as well as the adults suck sap 
from shoots. As a result of abnormal drain of sap due to the 
feeding of a large number of nymphs and adults on the sandal 
tree, its vitality is reduced and growth interfered with. Under 
laboratory conditions, feeding causes temporary shortening and 
clustering of leaves on shoots. As a result of mass feeding, sandal 
shoots and young plants die back within a short time. S, nigracly- 
peat/z is considered to be one of the species responsible for causing 
stagbeadedness generally prevalent in sandal forests. The adult 
life is over three months, and the female has a long oviposition 
period. Eggs are laid on the surface of the bark of shoots. There 
are five nymphal stages and the average time taken to complete 
development from egg to adult is 121 days. There are three gene- 
rations in a year and the generations overlap. The species seem 
to be almost entirely free of parasites and predaceous enemies. 
One hundred and fifty records, of the times of development of the 
different stages in the life hustory, during different months of the 
year have l>een made. Most of the transformations of the different 
stages take place within 17-23 days at mean tem])eratures varying 
from 68^F — 87®r. The studies were mostly conducted at Benka- 
nikota, North Salem ; where there is practically no variation in 
the rate of development in the different seasons. This species is 
active throughout the year in the sandal forests of Madras, Coorg 
and Mysore. All the insiars are described, and a table is given for 
the identification of nymphs. Observations on the development 
and morphology of aiitenme, legs, anal brushes, male genitalia, 
and eyes have also been made. 


The data recorded in this paper, suggest that S* nigroclyj)eata 
is a species, capable of carrying the vims of spike disease of sandal. 
Experiments have therefore been undertaken, with the object of 
transmitting the disease by means of this ins<H?t, and the results 
will be publisl^ed when they are concluded t 
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EXPLANATION OF PLATE I. 

Sarima nigroclypeata, MeL 

Fig. (a) Egg| (b) £!gg about to hatch. 

Fig. 2. Nymphj Srd instar^ showing sensory «pits and anal bmshes. Dis^ 
gramxnatio. 

Fig. 3. Female h(^per (dorsal). 

Fig» 4. Portion of the eye of the adult hopper. Highly magnihed. 

Fig. 5. Sensory hair on antenna of nymph 1st instar. Highly magnided. 

Fig. 6. Sensory hair and pits on antenna of female hopper. Highly 
magnified. 

Fig. 7. (a) Posterior tibia and iarsos of nymph, Ist instar, (b) Posterior 
trochanter of nymph, 1st instar. 

Fig. 8. Posterior tibia and tarsus of nymph, 5th instar. 

Fig. 9. Posterior trochanter of nymph, 5th instar. Highly magnified. 

Fig. 10. Tarsal claws with tenent hairs of nymph, 5th instar. Highly 
magnified. 

Fig* 11. Anterior tibia and tarsus of nymph, 5th instar. 

Fig. 12. Intermediate tibia and tarsus of nymph, 5th instar. 

Fig. 13. Right anal pad of nymph, 1st instar. Highly magnified. 

Fig. 14, (a) Right anal pad of nymph, 6th instar, (6) base of a single 
anal bristle, highly magt^ed. 

Fig. 15. (a) Male genitalia. Onj. Conjunctiva, Cnj.app. Conjunctiva 
appendage, ej, d. ejaculatory duct, gnp. gonopore, Phs. phallo- 
soma, Phs. app. phallosoma appendage, Phs. T. phallosoma lobe, 
Pr, paramere, Sc. pr. Secondary process, Vs. vesica, (b) Spinules 
on conjuctiva appendage. Highly magnified. 



EXPLANATION OF PLATE 11. 


Sarima nigroclypeata, Mel> 

Fig. 1. Graph showing Relative ab undance in Sample plots 1 — ^28 Fraserpet, 
Jawalagiri, Aiyur araTKottur. 

Fig. 2, Graph showing Relative abundance in Fraserpet, Jawalagiri, Aiyur 
and Kottur, 

Fig, 3, Graph showing Seasonal incidence based on one year’s totals. 
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flitMATURE STAGES OF INDUN COLEOPTERA (13) 
(BOSTRYCHIDAE). 

BT 

J. C. M. GAEDNIK, I.F.S., 

Forest Research Institute, Ddwa Dim. 

The family Bosfcrychidae contains numerous species of the greatest 
economic importance as pests of timber in the log, converted timber 
and bamboos ; grain and certain tubers rich in starch are also attacked 
and finally certain species are known attack living trees. Much 
valuable biological information is given by Lesne (1924) in his mono- 
graph on the BostrycMdae of tropical Africa, Beeson (1919, 1931) 
lists the foodplants and distribution of the Indian species. 

This paper is based on larvae collected by the staff of this Institute 
with the exception of some valuable material provided by Dr. L. G. E, 
Blalshoven and Dr. F. van Bmden to whom I express my thanks. 

Charactera of larvae of tihe Bostryohidae. 

Boving and Craighead (1931) define the distinguishing characters 
of the Bostrychoidea, which they divide into five families : Ptinidae, 
Anobiidae, Bostrychidae, P.soidae and Lyctidae ; the first two families 
have the head protracted and dentate mandibles ; the last three, which 
are treated in the present paper as subfamilies of the Bostrychidae, 
have the head deeply retracted into the thorax and, usually, gouge- 
shaped mandibles. Lesne (1924) gives important information on larval 
staruoture. 

The chief characters of the mature larvae of the family are as follows : 
Head longer than wide, deeply retracted into the thorax. Antennae 
usually prominent although small, with three segments and a basal 
connecting skin. Mandibles usually gouge-shaped distally. Labrum 
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movable. MaidUae remforoed <m tbe inner mai^n by a brownie^ tbkk'^ 
ening, and with or without a freely projeoting maxillary stylets Ijabinm 
with prementum Uawited po«teri<^ hy a fraiaiverse brown line. Snb- 
mentnm and prothoracic skill oontinuons. I^egs usuaBy well devi^oped. 
Body curved, enlarged at iborax* Spiracles aimnW^ Tenth abdo- 
minal segment in front of anus with a pair of adjacent lobes separated 
by a longitudinal groove. Urogcnaphi absent. 

This paper deals with mature larvae but it is worth noting that 
the few first stage larvae which have been described have marked 
peculiarities, the first stage larva of Lyetm has a pair of urogotnihi 
(see page 9) and that of Scobicm an unpaired spine oU the ninth abdo- 
minal segment (Boving, 1922, p. 53). 

Divisioii into Siib&UQiliies. 

Leslie (1920, p. 285, 1924, p. 45) has divided adult Bostrychidae into 
seven subfamilies : Dysiiinae (^Apoleoninae)^ Lyetinue, DimderivMf 
Hendecaiominae, Chileniifiue, Psoinae and Bostrychinae. I have not 
seen larvae of Ilmdecaimnime or Chilenimae but otherwise larval mor- 
phology supports Lesne’s views, with a possible exception in the case of 
the Apatim which Lesne considers as a tribe of the Bosirychiftae ; the 
larvae of Apate and Phonapate, according to Lesne (1924, p. 239) are 
characterised by rudimentary and non-salient antennae, a fact which 
would support any elevation of the group to subfamily rank on grounds 
of adult morphology. 

Boving and Craighead (1931, p. 62), dealing with the larvae, consider 
the Psoidae (including Psoa, Polymmi, Dinoderus, Rhiwpertha, etc.), 
Bostrychidae and Lyct^dae to be (rf family rank. In the present paper 
these groups are treated as subfamilies and the Dinoderinae {Dinoderm^ 
Rhizopertha) are separated as a subfamily. 

As Boving and Craighead have shown, two groups can be separated 
by the structure of the mandible : in one group, consisting of LyeHnaet 
Psoinae, Dinoderinae and Apokoninae, the mandible has a large fleshy 
cushion and a rigid grinding or pseudomolar extension which meets its 
fellow in a hardened concavity in the epipharynx ; in the other group, 
the Bosirychinmi there is no such righi grinding extension ; but that this 
division into two groups is not so sharp as was at first supposed i$ shown 
by the mandible of Schit^meros which has a small but distinct fleshy 
cushion and a minute flexible appendage which may possibly represent 
a rudimentary pseudomolar part. Ibe functional stguificanee of the 
mandibular structure remains to be investigated. 



3 


to S^amUks. 

I. IlftiidtUe pMMlonioIar prooeai dr ^ddliy 

^ ^ iMtln ntdittumte cmly 0 I tko» 

{Mi9iQmo$j. tllp^haryax i»ifchout 
m$f •dbmmd. Biothorajc ^iUi a rod^ke 

oa eadk side * Bosthtohihas (p. ll) 

Hstidible nilli psaedemelsr preoess extending to a 
solerdme in epijjliAryttx and with & large fleshy 
ammdsge. riothom witJiout latewl rod-Hke 
mokeidiigfi (2) 

iLast at»daixiiik!al spiraole distinetly larger than the 

others • Lyctihae (p. 8.) 

Last abdondxial spiraole snudli not larger than that 
ol thorax (3) 

3. Labial palp with one segmeat. MaxMlary palp with 

twosf^ents bomeonapaipiger , . » Dinodeuinae (p. 6.) 

Labial palp with two segments. Maxillary palp 
with three segments borne on a palpiger . . (4) 

4 Anterior abdominal terga with three transYerse sub* 
divisions. Legs unequal, the posterior pair 

abruptly reduced (No distinot ocelli) . . Fsoinab (Heterarthron) 

(p. 4.) 

Anterior abdominal terga with only two transverse 
subdivisions. Legs subequal. (Head with a 

distinot ooelius on each aide) .... A?olbonikab (Apoleon) 

(p. 3.) 

Subfamily Apoleoninae. 

Characters of mature larvae. — ^Anterior abdominal terga with only 
two taransverse subdivisions. Spiracles with a short finger-like projec- 
tion breaking the margin ; posterior ^Hracles not larger than the others. 
Legs nearly equal in size, with acute claws. Other characters as in 
Pscdnae (Heterarthron). (Based on Apoleon (—Dysides) edax (Jorh.). 

Apoleon edax oobham. 

Described from four larvae from Java provided by Dr. L. G. E. 
Kalshoven. The species occurs in India. 

Larva (PL I, figs. 1-6). 

Curved, enlarged at thorax ; length about 16 mm ; width at thorax 
about 4*5 mm. Setae short and dense ventraliy, longer laterally. 
Head longer than, wide (3'1 x2'7 mm), the posterior margin subangulate. 
Ocelli distinct, one on each side, large, oval, situated between antenna 
and venriral arrioolation of mandible. Antenna (fig. 6) with s^ment- 
Hke basal connecting skin and three true s^ments, the third very tunall ; 
sefnoent 1 longer tium wide, di^tly widened distaliy ; s^ment 2 gradual- 
ly intaeasing in width from Idie base, lalhnr more than three rimes as 



toi^ as wi4e and about 1*4 tamios as jbog as segmeat 1 ; segmemtS ono- 
seventb as loug as second; aoo^eory appendage aiiaate. Z^brum, 
clypeus and ej^harynz very much as in Bderarthfon. Alandibio 
(%. 4) acute apioally, tbe outtb^ edge strongly oblique, with a very 
dieiinet tooth at its posterior extremity; mola-^like prominence and 
fleshy appendage well developed. Mardlla (flg. 1) with di|^tifonn> 
densely setose mala ; lacinia a stout, slightly curved spine ; palpiger seig* 
ment-Uke ; palp with three brown segments ol which the thkd is ihe 
longest; second longer than wide, slightly shorter than third. Labial, 
palps (fig. 1} with two segments, the second the longer ; prmimrtum 
posteriorly limited by a brown line; ligula rounded, large; mentum 
separated from submentum by a fine brown line on each side. Terga 
of mesothorax, metathoraz and abdominal segments (fig. fl) divided into 
two prominent transverse folds of about equal size ; a very attenuated 
strip of skin separates the two folds. Legs (fig. 2) approximately equal 
iu size, hairy ; the tibia elongate, rather slender ; the claw an elongate 
acute spine. Spiracles (fig. 6) oval, each with a single dorsally directed 
finger-like air-tube projectiug from margin. 

Snbfamily Fsoinae. 

Characters of mature larvae . — ^Labrum large, bent downwards over 
mandibles. Antennae prominent. Epipharynx with concave sclerome. 
Mandible with pseadomolsr process and fleshy appendage. Maxillary 
stylet strong. Maxillary palp three-segmented, borne on a segment-like 
palpiger. Labial palps two-segmented. Prothorax without lateral 
rods. Anterior abdominal terga with three transverse subdivisions. 
Legs well developed, decreasing in size from pro- to metathorax. 
Spiracles oval, annular, the last abdominal pair not enlarged. (Based 
on HekrarOiron fearm Lesne). 

Hbtbrabthbon pbanus Lbsne. 

Described from six larvae taken from MaUotus pUlippinensis, Dehra 
Dun, U. P. Beetles were reared. 

Mature Larva (PI. I, figs. 7-12). 

Larva (fig. 7) large, length about 26 mm., width at thorax about 7 
mm. White, with mandibles, claws, portions of mouthparts and an- 
tennae darkly p^ented. Body setae short but longer and denser on 
pleural region. Head subrectangulax, the posterior marg in geniZy 
curved ; length to epistoma 3*7 mm., width 3*3 mm. Ocelli are not 
distinct. Antennae (fig. 9) with the segment-like basal connecting sHn 
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]^!| &iM3>xl3SB : St^ t^InUm GtHeoj^m. 

fU^ Ihe thifee true segmeats partly brown ; segment 1 slightly longer 
man wide and- strongly expanded distally ; segment 2 stoutly subtmd- 
iorm, wider behind the middle, twice as long as wide and a little bnger 
Iban first segment ; segment 3 cylindrical, smaU, one-fourth as long as 
second ; appendage minute, longer than wide. Clypetts (fig. 10) rather 
narrowly ^nsverse, with munerous moderately long setae on the 
posterior brown zone and laterally on tbe anterior soft zone. Labrum 
(fig, 10) large, about three times as long as olypeus, deflexed, forming an 
angle with plane of frons ; wide and convex basally, narrowing towards 
apex ; surfoce brownish at posterior lateral angles, with numerous setae 
which are short on the disc, longer laterally and denser anteriorly; 
a pair of short fine blackish rods is visible beyond the middle. Epi- 
pharynx (fig. 11) near the base with a concave area supported by lateral 
rods and with minute hairs except centrally; a posterior division of 
this area, just anterior to the oesophageal opening, is circular, concave 
and subvertical. Mandible (fig. 8) stout, the apical cuttmg edge roundly 
gouge shaped, with a small indentation separating a weak postapical 
angulation ; mola-like projection strong, the grinding face with three 
carinae across the disk and with a curved pencil of setae behind it; 
the fleshy appendage well developed ; lateral face of mandible with 
several setae. Maxilla with digitiform mala which is densely setose 
apically and on the inner margin ; maxillary stylet (lacinia) a strong, 
slightly curved, spine ; palpifer stout, segment-like ; palp with basal 
segment stout, brownish near the base, wider than long ; second segment 
slightly longer than wide, the third about twice as long as wide, and 
longer than the second (4:3); palpifer and two basal segments of palp 
with long setae on ventral surface. Labium with prementnm limited 
posteriorly by a fine transverse brown line ; palp with two segments, 
the first short and stout, the second twice as long as wide ; ligula obtusely 
rounded ; mentum and submentum separated by a transverse depressed 
line, each with numerous setae ; the buccal surface with two series of 
long dense setae. Terga of mesothorax and metathorax each divided 
into two transverse folds ; terga of first five abdominal 8egm( nts each 
with tliree distinct transverse subdivisions and one very attenuated strip 
behind the first subdivision. Pleural region protuberant in a ventanl 
direction, finely hairy. Anal cleft longitudinal. Legs (fig. 12) well 
developed, hairy, the coxa of anterior leg with a small, that of middle 
leg with a large, oval smooth yellow plate ; the anterior leg slightly 
larger than the middle leg ; the posterior leg more abruptly reduced in 
size and more widely separated from its feUow ; tibiae curved and stout, 
especially in the anterior leg ; claw short, truncate, with the appearance 
of having been abruptly amputated near the middle leaving only a basal 



stomp. SSpitacles ctval, suoolar ; the thoracic epkaole mtoatedi cm ptO’ 
thorax near its posterior margia and vrith an oval inning |^te jnst 
anterior to it ; abdominal spiraoles sobeqoal. 

The fact that the claws in all six specimens are similar mma to show 
that their truncate appearance is specific and not merely doe to injury. 

SuMami^ 

Lcarval characters of Dinodems and Ekizop&iiha.-'^Laibtmi large, 
nearly as long as wide, bent downwtods over mandibles and forming an 
angle with frons ; with a pair of slender rods on distal half which do not 
reacii to the apex. Epistoma concave. CSypeos narrow. Epipharynx 
wilii a distinct sclerome. Mandibles with a strong mola-like process 
associated with a curved brush of setae and with a large fleshy appendage. 
Maxilla with a well developed stylet ; galea rather slender, setose ; pal^ 
two-segmented with a distinct basal palpiger. Labium with one-aeg- 
meuted palps ; prementom limited posteriorly by a fine brown transverse 
line ; ligula not prominent, Frothorax without lateral xod-like thioltan- 
ings. Anterior abdominal terga with only two transverse subdivisions. 
Claws well developed, slender and acute, pigmented. Spiracles annular, 
small, the posterior pair not enlarged. 

The larvae of the two genera can be distinguished as follows : — 

Rhizopertha * — ^Apex of mandible with three distinct teeth. Antenna 
with only two well defined segments. Body only sHghtly curved and 
more weakly enlarged at thnax. 

Dinoderm . — ^Apex of mandible obliquely chisel-shaped with only one 
distinct tooth. Antenna with three distinct segments. Body more 
markedly curved and swollen at thorax. 

The larva of Stephanopachys ehnyatus Pyk., as described by Saalas 
(1923, p. 179) has six oodli on each side of the head. Ocelli are not 
distinct in Dinoderas and Rkkop&rtha. 

RhIZOPSBTHA DOMINICA F. 

This cosmopolitan species is of chief importance as a grain pest, but 
is not limited to grain ; a long series was bred from wood of Artoearpus 
hirsutus sent to Ddira Don from S. Mangalore, Madras. An account 
of the biology is given by Lesne (1924, p. 62). 

Mature Larva (PI. Ill, figs. 32-36). 

Length about 3 mm. Body only slightiy curved and not v«y 
strongly enlarged at the tborax. Setae numerous and oonspmoous on 
posterior extreuaity of body. Hwwi slightly longer iluUi wide, broadly 
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: tmkiatm (ftndim Cdeopm,. 

|K%tmojt}y. Antetma (fig. 36) with otjly two distinct n^ments ; 
a l>i*ai tanuiirv'^de segment soch as is present in Dinodetus apparently 
or at any rate not distinguishable from the membranous con- 
neoth^ (dtjn ; of the two distinct segments the first is cylindrical, dis- 
tiimdy longer than wide, with foot long apical setae, and the second or 
apical segment, is about twice as long as wide, about one-half as long 
as preceding segment and carries on its apex three short setae and a 
narrowly conical ‘ seta.’ Labrum large, more or lei» circular, slightly 
wider than long, anterior mfigin not very densely setose, a few setae 
present between middle and apex. Epipharynx (fig. 33) with strong 
sclerome, the concave surface apparently granulate or with minute 
teeth ; anterior to scleronm is a patch of fine hairs which are directed 
towards sclerome. Mandible (fig. 34) with three distmet teeth obliquely 
arranged at the apex, the distal tooth stronger and more acute ; grinding 
suriace of pseudo-molar projection coarsely granulate. Maxilla (fig. 35) 
with several rather long and stout setae on galea ; lacinia a slightly 
curved spine ; maxillary palp with distinct transverse palpiger and two 
segments of which the first is stout, cylindrical and longer than wide, 
the second distinctly longer than the first, more than twice as long as 
basal width and tapering. Labial palp (fig. 35) with only one sub- 
cylindrical segment which is longer than wide. Abdominal terga with 
only two transverse subdivisiona. Legs equal in size, the claw curved, 
brownish from the widened base to the acute apex ; the preceding seg- 
ment (tibia) with very few setae. Spiracles very small, circular, simple, 
those of thorax slightly larger than those of abdomen. 

Dinodebus. 

Characters of larvae . — ^Body strongly curved, swollen at thorax. 
Head capsule nearly as wide as long, rounded. Antenna with three 
district segments, the basal one transverse, and a membranous connecting 
skin. Epipharyngeal sclerome not coarsely granulate as in Rhizopertha, 
with numerous fine hairs directed towards the concavity. Mandible 
with apex obliquely chisel-shaped and with only one distinct tooth, that 
at the extreme apex. Legs decreasing slightly in size from prothorax 
to metathorax. Thoracic spiracle broadly oval, slightly larger than 
that of first abdominal segment and much larger than the following 
spiracles which are circular. 

Species of this genus are of great importance as borers in bamboo : 
certain species bore in wood ; D. dMnctm Lesne from the Philippines is 
recorded by van Emden^ frenu ’ Radix Colombo ’ (Jatronhiza palmaia). 


' Jshiwberioht dor (Hmsut & Lorats IASS, p. 208. 
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The ocHxelation o{ IfmotSerus lairvae ‘vith €h^ adults is cottt^iottjifid 
by the fact that several species usually ocoiuc t^|;ether, at least in 
Specifio diSevences appear to be found in the antcumae and palps bat a 
detuled comparison must wmt unfal more materi^ is aViuIsbla^ 

D. ookraceipemis Lesne (FI. Ill, figs. 28-31) has been reared at Debra 
Dun itoBi a small tree {Murraya hoen^) and from forest, climbers. 
Length of larva about 3 mm. Maxdlary palp with apimd segzamt b^perihg, 
distinctly longer than penultimate segment which is only sli^tly longer 
than wide. Labial palp rather short and stout, rather less thin .twice 
as long as wide and less than two-thirds as long as apical segment of 
maxillary palp. Posterior legs only slightiy more slender than anterior 
pmr ; tibia with relatively few setae, a pair of which, on the ventral 
surface, is thicker ; the claw is dark brown, curved. 

D. minutus F. is a pest of bamboos in India and is found throu^out 
the tropics. Dr. Enlshoven provided me with larvae of this species 
firom Javanese bamboos. Maxillary palp with penultimate segment 
about equal in length to apical segment. Labid palp elongate, more 
than twice as long as wide. Anterior pair of legs distinctly stouter than 
posterior pair and with tibia more hairy than in ochraceipeimu. 

D. oceUaris Steph. is a bamboo border — ^Maxillary pal^ with apical 
segment distinctly longer than penultimate segment. Labial palp nearly 
twice as long as wide. Anterior legs distinctly stouter than posterior 
pair and with distinctly hairy tibia. «Tlie second antennal joint is more 
elongate than in the other species and is weakly constricted near the 
middle. 

D. distinctus L., a Philippine species, is recorded from ‘ Badix 
Colombo ’ by Dr. F. van Emden who kindly lent me his microscopic 
slides of the larva,— Apical segment of maxillary palp longer than penulti- 
mate segment. Labial palp about twice as long as wide. 

Lyotiiiae. 

Charaders of mature larme. — ^Body small, curved, enlarged at thorax. 
Head capsule longer than wide, subrectangulax, rounded posteriorly, 
epistoma concave. Antennae with a basal connecting membrane, three 
segments and an accessory appendage. Labrum large, bent downwards 
over mandibles, the anterior margin setose, the posterior lateral margins 
with an oblique narrow brownish thickening on each side ; a transverse 
fold divides the surface into a smaller weakly sclerotised anterior part 
and a soft skinned posterior part. Epipharynx with a pair of Aort 
longitudinal rods extending to anterior thickened area of labnun, and 


^ This also apjdies to sod to somo qieoiM of Ljfdimix, 
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ifitii » posterior oonoave sokrome of yariable riucknese fringed with sdqsU 
' Itaibr like projectione. Mandible (figs. 17, 22) with apical margin emv^, 
dhiS^baped, without teeth; with a well developed soft and fleshy 
appendage and with a mola-like projection associated with a curved 
bmi^ t this projection extends upwards and meets its fellow in the 
concave epipharyngeal sderome. Maxillary palps two segmented, with 
a basid palpiger ; mala obtuse, setose, with a slender spine-like ma x i ll a r y 
Biylei Labium with one segmented palps. Prothorax without lateral 
rod'l&e thidcenings. Anterior abdominal teiga with only two transverse 
sttbdiviricnis. 

Spicacles of eighth abdominal segment oval, very large, always larger 
than those of thorax ; spiracles of first seven abdominal segments usually 
v«7 ■mn.ll Legs distinct, apparently with three segments and on the 
two anterior pairs at least, a slender acute spine or claw ; the anterior 
pair distinctly stouter than the two posterior pairs. 

The known first stage larvae of Lyctinae differ from mature larvae 
in having a straight body armed caudally with a pair of small spines 
or urogomphi (Boving and Craighead 1931, PI. 102, J ; Kojima 1932). 


Key to larvae of Lydime. 

l. All spiracle# large, the posterior pair the largest 
however ; those of 7th abdominal segment more 

than half as large a# those of 8th . . . frogoxylon mncvlaUm. 

Loene. 

Spiracles of first seven abdominal segments sm^, 
the seventh pair minute compared with 



2. Thoracic spiracle strongly transverse, more than 
twice as long as wide ; abdominal spiracles dis- 
tinctly elliptical 

Thoracic and abdominal spiracles broadly elliptical 
or subdroito 


Minthen rugicoUis Walk. 

(3) 


3. Posterior abdominal spiracle larger, at least twice 

as large as thoracic spiracle . . • • (^) 

Posterior abdominal spiracle relatively small, not 

more than 1 *5 times as largo as thoracic spiracle . Lydoxyhn j aponvm Koi t. 

4. Spiracles with small but distinct marginal lobe. 

Second segment of antenna longer than wide . LycMs brunneu^ Steph. 

Spiracles without marginal lobes . . - • (5) 

6, Metathoraoio leg terminating in an attenuated ^ ^ 

hyahne spine Lyctusfuecm h. 

Metathoraoio leg without slender apical spine . I^chts africmus Lcsne. 


Trogoxylon atoiculatum Lesne. 

Larvae were taken from dry steins of a creeper, Combr^um decan- 
irtm, Dehra Dun (J. C. M. G.) ; beetles were reared. The species also 
oecuis in Shorea robwsto, and many other trees. 



Imva (PlH,«gp.ai‘88). 

Length about 3 mm. Body cumd, enkifed in thoritdb K!gio&. 
Betae extremely small and ineons^uoitouB exeejit on parts of lu!*4, le|^ 
and pleural region. Antenna (fig. 21) second sepnefat longer than 
wide ; apical segment slender, distinctiy longer thim second, cylindrionl, 
slightly expanded at the base ; acc^sory appendage very diender, elongate, 
about half as long as apical segment. Ipipharynged si^erome weak, 
scarcely pigmented, with minute skin points on each side. SfaxtOary 
mala with several apical setae some of which are wide ; maxillary styH 
short and fine. Mandible (%. 22) seen in lateral view, rafher ^hgate, 
the apex weakly expanded, chisel shaped ; the moU'like pxojeclaon .not 
very strong. Spiracles (fig. 23) broadly elUptical to submrcular, without 
marginal lobes and all relatively large ; the posterior pair the largest 
however, about 1-2 times as wide as thoracic spiracle ; abdominal spira- 
cles all large but slightly variable in size, that of first segment, oval, 
very nearly as wide as the subcircular thoracic spiracle. Anterior leg 
with numerous setae and with a long very fine acute claw ; middle leg 
with an acute claw ; posterior leg blunt with several very long setae. 

This larva is very distinct, the most strildng peculiarity being the 
relatively large spiracles of abdominal segments 1-7. 

Lvotus bbunneus Stem. 

Three larvae from Java were provided by Dr. Ealshoven. The 
species occurs in India. 

Larva (PI. II, figs. 26-27). 

Length about 5 nun. The skin with a rather dense covering of setae 
which are extremely short for the most part, longer on protuberant 
pleural region ; also minutely irregular and on caudal segments, with 
minute points. Head about 1*0 mm. in length and 0*76 mm. in width. 
Antenna (fig. 26) with segment 1 transverse ; segment 2 distinctly longer 
than wide, nearly as long as segment 3 which is equal in length to termi- 
nal segment of maxillary palp ; appendage riiort, conical, about one- 
third as long as segment 3. Maxillary mala (fig. 27) with slender curved 
stylet near the base of which is a group of three curved setae ; apical 
segment of palp about twice as loi^ as width of riightly es^aaded basal 
half ; basal segment slightly longer than wide. Labial pdp (fig. 27) 
stout, slightly narrowing towards apex and almost equal to a^cal s^- 
ment of maxillary palp. Spiracles (fig. 26) subcweidar the 

posteaior pair which are twice as wide as those of thorak ; the xeinsWig 
tirades small, those of fifdi abdominal segmoit tlw sDU^atft, dbout one- 
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M wide ae thoincic epaaeiM ; a i^Ulofae projecting frcnn tlie margin 
i» vary dMnet on the anterior sf^aoles. Frotiitoracic leg stoat with 

fine daw ; mesothoracic and metatiioiacic legs more slender, with 
attenuated weak claw and numerous long fine setae. 

l^his larva is distinguished by the shape of the spiracle, elongate 
second s^pn^t of antenna and rather dense pubescence. 

The eggg and early stage larvae of this species are described by Altson 
{1922, 1923). 

LyCTUS VUSOUS L. (UNEAEIS GoEZE). 

Described frmn two larvae from Leipadg, Germany, povided by Dr. 
¥. van Emden. This specie has not yet been recorded from India. 

Zam (Pi. II, fig. 20). 

Body setae numerous but very short and inconspicuous except on 
legs and pleural region. Antenna (fig. 20) with segment 2 weakly trans- 
verse, shorter than S(?gment 3 which tapers towards the blunt apex ; 
appendage moderatoly slender not extending to middle of third segment. 
Epipharyngeal sclerome strong. Maxillary stylet a strong curved spine. 
Thoracic spiracle nearly circular ; spiracles of abdominal segments 1-7 
very small, of segment 8 very large, oval, three times as wide as thoracic 
spiracle. Anterior leg with a longer slender spine ; middle leg with a 
shorter spine ; posterior leg also ending in a still shorter but distinct 
acute spine. 

The early stages of this species are described and figured by Kojima 
(1932). 

Lyotoxylon japonum Keitt. 

Larvae were taken, with those of Minthea riigicoUis from bamboo, 
Chepauk, Madras. The two species of larvae were identified fiom 
exuviae taken from pupal chambers with the associated, nearly mature 
beetles. 

Larva (PI. II, figs. 13, 14). 

Iiength about 3 mm. Antemia (fig. 14) with second segment trans- 
verse ; s^pnent three elongate ; appendage weakly fusiform reaching to 
about the middle of the third segment. Spiracle of abdominal segment 
8 about 1'3 times as wide as the broadly elliptical thoracic spiracle ; 
spiracle of first seven abdominal segments very small, nearly circular. 
Metatbwacic 1^ without an apical spine, blunt, with few long hairs. 

The posteriw abdominal {piracies are smaller in relation to the 
thmwcie spiracles than in other iqmies wi^ the exertion of Trogoaflon 
amimdatum. 



. MonaiA Boaieo^ 

Larvae ware takea kom. bamboo, Cgifipaak, Uadzas; 
japomm wm reared as weD. 

Earoa (PL 11, %. 24). 

Leogtb about 3 mm. Body setae sparse except ou plettral return. 
Auteima (%. 24) with se^ent 2 not longer than wide, distiaetiy shorter 
than B^ment 3 and more than twice as long as the appendage. Spizades 
without a marginal lobe ; that of thorax narrowly oval, more than twice 
as long as wide ; abdominal spiracles oval, the posterior spiradle neariy 
twice as wide as that of thorax. Legs with fine a{Hoal spines, on hrrt 
two pairs ; the posterior legs with a fine hyaline point. 

This spedes is distinguished from other Lyti^me by the more narrowly 
oval spiracles. 

Lvctus avrioakus Lesnb. 

Larvae were taken from bamboo, Najibabad, U. P. 

Laroa (PI. II, figs. 16-19). 

Length about 3 mm. Body setae sparse and very short except on 
pleural region. Head as in fig. 16. Antenna (fig. 16) with segment 2 
weakly transverse, the appendage about one-half as long as s^ment 8. 
Labrum and epipharynx as in figs. 16 and 18. Mandible as in fig. 17. 
Spiracle (fig. 19) without marginal lobe, the posterior pair widely oval, 
about 2*6 times as wide as thoracic pair ; anterior spiracles widely oval 
to almost circular. Metathoracic legs terminating in a soft rather blunt 
point, not attenuate. 

Bostrychinae. 

Characters of mature larvae , — Head subrectangular, longer than wide, 
anteriorly more or less rugulose, pigmented near mandibular articula- 
tions. Antennae salient (except Apatini), the two distal segments 
sometimes fused. Labrum distinctly transverse, the anterior margin 
setose. Epiph»yngeal rods strong, hook-shaped. Epipharynx without 
Bclerome. Iilbindibie stout, apicaUy gouge-shaped, at most with vestiges 
of * fleshy appendage ’. Maxillary palp with two segments borne on a 
distinct palpiger ; a free maxillary stylet present or not. Labial palp 
with two segments. Prothorax with a distinct rod-like fhickening on 
each side. Anterior abdominal terga with three trernsverse folds. 
Spiracles oval, those of 8th abdominal segmmit not larger than those of 
thorax. Anterior legs stouter than the others ; all 1^ witih acute more 
or less soierotized daw. 



1 liAVe not d^iected ocelli ia msituie kcvee, Imt e pak is prMettt m 
tanatcnrb Isrrae of Hefmix^ryehus aequdis. 

Larvae of the Apatiwi axe absent in iMa collection but &rna Leslie’s 
desin^laKHis (1924, pp. 239, 265) they are distingnished from other 
groups by the antennae which are reduced to ve^iges of the usual three 
B^jmeats borne on a solerotized and rigid basal convexity, 

Jffey to trStes of Bostrychinae. 

1. Blasillary mala with a £reely proj«otlzig stylet . (2) 

Maxillaty mala without a free stylet , , . Xyu>i*bktmiiii, 

2» Second and third segments of antenna fused . . SmoxYLoniNi. 

Second and third segments of antenna not fused . BosTKTom»i, 


Key to species of BostrycUnL 

1. Mandible with a small ^ deshy appendage * and a 

small flexible rod*like projection . • . Bc^it^owrm anotundes 

Water. 

Mandible without rod-like projection ; * fleshy 
appendage * minute or absent. . . • (2) 

2. Second segment of antenna transverse. * Fleshy 

appendage ’ minute but distinct . . . Bosfrychopiis paraUela 

Lesne. 

Second segment of antenna longer than wide. 

* Fleshy appendage * not evident • • • (3) 

3. Thoracic spiracle large, two-thirds Width of labruro. 

Second segment of antenna more elongate, more 
than 1 *5 times as long as wide . . • (4) 

Thoracic spiracle small, one-third width of labrum. 

Second segment of antenna stouter, less than 

1*6 times as long as wide .... Helerohostrychm osguoWs 

Water. 

4. Second segment of antenna very long, about three 

times as long as wide ..... Heterobosfrychus Jwmaiipen^ 

, nis Lesne. 

Second segment of antenna moderately long, 

nearly twice as long as wide .... Heierobostrychug piteaius 

Leslie. 

SCHISTOCEROS ANOBIOIDES WaTEE. 

Larvae were taken from Hohrrhena antidysentmea, Ranchi, Bihar 
and Oriasa. 


Larva (PL IV, fgs. 43, 44). 

Length of head capsule 5-6 mm. ; width 3-9 mm. Antenna with basal 
segment short, subglobular ; the second weakly widened in ^ical 
elongate, about three times as long as wide. Mandible (fig. 44) with 
a small slender appendage extending from upper basal angle of inner 
face and associated with a small ‘ fleshy attachment ’. 

Maxillary mala with dense moderately long hairs ; palp with 
segnmt cylindrical, longer than wide ; apical segment distinctly wider 
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near tbe base. Frcnnenttua liaay ob eat^ i^e. X4pli ni^ 

two dense groups of rather king setae. Body skin withi soatteeeid &>» 
and rather E&ort setae. Claws weB develop on «dl legs; anterior 
legs much stouter than the others but not knga ; tibia of posterior pair 
sightly kwger than those of the otbem ; all tibiae witiii reddish setae 
which are especially dense on the anterior pair. Thoraok spiracde two* 
thirds as wide as kb-um and twice as wide as last abdrHninal f^fbadie 
which is itsdf slightly smaller than that of the first abdmninal segment. 

BoSTKYOBOPSIS PABAUiBLA ZiBSlIB. 

Described from larvae taken from Dendroedamm Hridus, ISTajibabad, 
U.P. 


Larva (PI. IV, figs. CO, 61). 

Length about 10 mm. Head capsule 2*8 mm. X 2*3 mm. Antama 
(fig. 51 ) short, the two basal segments transverse, the first a little longer 
than the second, the apical segment longer than wide ; appendage very 
small. Mandible (fig. 50) with a very small soft protuberance near the 
upper basal angle of the ental face. Maxillary palp with basal segment 
cylindrical, longer than wide and longer than the tapering apical segment. 
Thoracic spiracle rather small, one-third as wide as labrum. All legs 
with pigmented claw. 

The small soft protuberance of the mandible is still smaller than 
that of Schistoceroa and also differs in not having the associated slender 
projection of the latter. 

Hbtbbobostbychus hahatipbnnis Lensb. 

Larvae were extracted from MaUotus phUippinensis, Dehra Dun, 
U. P. 


Dim (PI. IV, figs. 4749). 

Length about 17 mm. Body setae mrtremely short and inconspicuous 
except on legs, pleural region and on caudal segment where they are 
moderately long. 

Head (fig. 47) rectangular, the posterior margin slightiy curved ; 
cngth (to epistoma) 3*5 mm., width 2*8 mm. ; anteriorly mguhwe, eas- 
aneous near mandibular articulations. Without distinct ocelli. An- 
cuna (fig. 48) with three brown segments ; the first short, weakly txam- 
^crse ; the second widened on apical half, very long, rather more than 
hree times as Imig as width near base ; third segment smidl, rilj|^tly 
nore than (me-lonrth as long as second; accessory affendaft about 





PLATE ra. 

Dinoierime and Sinoxi^onini. 

Figs. 2S-31. Lbxva of Dinoderue ochracdpennie Lesne. 

28. Lateral view. 

29. Maxilla and labinm ; et, stylet. 

30. Head. 

31 . Mandible ; Im, * fleshy appendage \ 

Figs. 32-30. Larva of Mhizopertha domtnica F. 

32. Claw of anterior leg. 

33. Epipharynx. 

34. Mandible. 

35. Maxilla and labium ; et, stylet. 

36. Antenna. 

Figs* 37-42. Larvae of Sinoxylon spp. 

37. S. sudanionm Lesne, antenna. 

38. S. atratnm Lesne, antenna. 

39. S. atratam Lesne, maxilla ; stylst. 

40. S. oleare Lesne, antenna. 

41. 8. craisum Lesne, antenna. 

42. 8. crassum Lesne, mandible, lateral viev. 





PLATE IV. 

BoBi^hini and Xyloperihini, 

IPign, 43» i4. Lftrvft of Schi^ooeroi anMoidm Wotoocih. 

4S. Lateral view. 

44« Mandible ; Im. fleshy appenda|{e. 

Figs. 45, 46. Larva of Eeterobottryclma aeguedis WaMh. 

45. Antenna. 

46. Labmm and olypeus ; er , epipharyngeal rod. 

Figs. 47*49. Larv'a of EeteroboatrpchM hamcUipennis leene. 

47. Head. 

48. Antenna. 

49. Maxilla and labium ; st, stylet. 

Figs. 60, 51. Lanra of Bostrychopaii paraUda Lesne. 

50. Mandible, inner face ; Im, vestige of fleshy appendage. 

51. Antenna. 

Fig. 52. Larva of Eet&rcbodrychui pileaius Lesne, antenna. 

Figs. 53, 54. Larva of Xyhthrips Hattipu HI. 

58. Head. 

54. Antenna. 

Figs. 55, 56. Larva of Xylop9ocu>9 eapudnuB F. 

55. Antenna. 

56. Maxilla. 

Fig. 57. Larva of Xyhdedea omatui Lesne, antenna. 

Fig. 58. Larva of Micfap(d€ eimpUcipentUt Lesne, antenna. 
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ofis^UozdftS l<xag m apical segment. C%>eiu ^ell developed, with 
a transvcarse ^np of fetae on each side. Itabram tzansvene, 
fhe antenoz margin with short dense red setae ; the posterior margin 
thidkened, Inrown and connected with two rods which extend hack to ' 
^pistoma ; a pair of hook-shaped rods is associated with the posterior 
margin. Epipharynx with an ant«ri<nr hairy lobe on each side. Maxilla 
(%. 49) with mala stout, with short dense apical setae and stout blackish 
B^Mdllary stylet ; palpiger stout, setose ; palp with basal segment longer 
tiian wide and slightly longer than the blunt apical segment which is 
weakly enlarged basally. Labium with wide setose ligula ; the two palp 
segments nearly equal in length; prementum limited posteriorly by a 
transverse brown line. Mandible short and stout, the apex curved, 
chisel-shaped ; apparently without * fleshy appendage’. Legs with 
reddish setae ; the anterior pair distinctly stouter than the middle pair 
which is slightly stouter than the posterior ; anterior leg with a straight 
dark brown acute claw ; middle and posterior legs each with a more 
slender claw. Thoracic spiracle large, twice as wide as the posterior 
abdominal spiracle and two-thirds as wide as labrum. 

• 

Heterobostrychub aequams Water. 

Larvae were extracted from Parashxyrea stSUUa, Rangoon, Burma ; 
Dr. Ealshoven also provided specimens from Java. 

Larva (PI. IV, figs. 45, 46). 

Length about 11 mm. Length of head capsule about 2*3 mm. 
Antenna (fig. 45) with second segment stout, widest near the middle, 
much less than twice as long as wide. Thoracic spiracle small, about 
one-third as wide as labrum. Labrum and clypeus as in fig. 46. 

Heterobostrychub hleatus Lbsne. 

Larvae were extracted from Oaniga finnata, Jarwa, U. P. 

Larva (PL IV, fig. 62). 

L^igth about 12 mm. Length of head capsule about 2*4 mm. 
Antenna (fig. 62) with second segment about twice as long as wide. 
Thoracic spiracle large, about two-thirds as wide as labrum. 

XyloperQiini. 

Mature larvae of this group differ from othar Boslaychinae in having no 
. free maxiUary stylet (fig. 66). The second and third antennal segments 
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are apparently fused as in theSinodcyloiuni, the small conical aooesscscy 
appendage is retractile. The anterior legs are distinctly stouter than 
the others ; attenuate claws are present on all legs. Maxillary mala 
setose, some of the apical setae flattened and truncate. MandibW siiort 
and stout, apically rounded. The labrum about twice as wide as long 
in Miorapate, still more transverse in the other species. So to as the 
larvae are concerned Xylodedes, Xyhpsocus and Xyhthrips are closely 
allied and only characters of specific valiie seem to be present. Micro- 
pale is included in this group because the larva has no free maxillary 
stylet. 

The larval characters of Scobieia Aedivis Leconte are described in 
detail by Bo\'ing (1922). The first stage larva of this species diSers 
from the mature larva in having a straight body, rudimentary legs and 
a median spur on the ninth aMominal segment. 

Key to species, 

1. Antenaa very small, the throe segments together 

shorter than the two-segmented maxillary 

palp Micrapate iimplicipennis 

Lesne, 

Antenna longer than maxillary palp . . • (2) 

2. Basal segment of maxillary palp distinctly shorter 

than apical segment . . . " . . (3) 

Basal segment of maxillary palp subequal to apical 

segment Xyloihrips f avipes 111. 

3. Segment 2 of antenna only slightly longer than 

wide ........ Xylopsocus capucinus F. 

iSegment 2 of antenna much longer than wide . Xylodectea ormtns Lesne. 


Miorapate simplicipknnis Lense. 

(PI. IV, fig. 68). 

Larvae and beetles were obtained from dry wood, Dehra Dun. 
Length about 5 mm. Head moderately elongate (‘90 mm. x '78 mm.). 
Antenna (fig. 68) very short, not as long as maxillary palp ; the second 
segment transverse, the third about as long. Apical segment of maxil- 
lary palp longer than basal. 

XyLOTHRIPS PLAVIPE8 IlX. 

(PL IV, figs. 5S, U). 

Larvae and bettles from Java were provided by Dr. Xalshoven. The 
species bores in Shorea robuda and other timbers ip India. Length 



CkltDN^ : Sie^ of Indian Cdeoptera. it 

a^iit 10 mm. Head (fig. 63) xectangolar, elongate (2*0 mm. X 
1*6 mm.). Antenna (fig. 64) distinctly longei than maxiDary palp, the 
second segment about twice as long as wide. Basal segment of maxillary 
palp nearly as wide as long and very nearly as long as apical segment. 
!Fhoracic spiracle about two-tliirds as wide as labrum. 


XYiiOPSoous CAPccimjs F. 

(PI. IV, figs. 66, 56). 

liarvae and beetles from Java were provided by Dr. Kalshoven. 
The species occurs in India. length about 6 mm. Head about 1‘2 
mm. in length. Antenna (fig. 65) with second segment stout, ordy 
slightly longer than wide. Basal segment of maxillary palp (fig. 56) 
transverse, shorter than second. 

Numerous beetles of X. capucinus P. and one of X. radida Lesne 
were reared from Terminalia myriocarpa from Sadiya, Assam ; extracted 
larvae difier from those described above in having the second antennal 
segment strongly transverse and may be X. radvla. 


Xtlodectes oenatus Lesne. 

(PL IV, fig. 67). 

Larvae were obtained from MaUotus philippinemis, Dehra Dun. 
Length about 6 mm. Head 1*3 mm. in length. Antenna (fig. 67) with 
second segment about 1*5 times as long as wide. Basal segment of 
ma.xillary palp slightly transverse, shorter than second. 

Sinozylonini. 

Characters of larvae [Hinorylon ) : — Antenna with three segments the 
basal one short, the second apparently fused with the more slender, 
digitiform third segment ; accessory appendage distinct, elongate conical. 
Mandible (fig. 42) short and stout, apically gouge-shaped, rounded. 
Maxillary palps two-segmented, borne on a basal palpiger ; maxillary 
stylet (%. 39) well developed. Prothorax with a distinct ‘ lateral rod ’ 
on each side. Anterior abdominal terga with three transverse subdivi- 
sions. Spiracles oval the posterior pair small. Anterior legs much 
stouter than the others, all with claws. 

The head is almost rectangular, more or less rugulose anteriorly and 
brownish near the mandibular articulations. Olypeus with a few setae 
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on cacli side. Labrmn transverse, anteriorly setose. Spipko^nx 
soft skinned, the eppharjirngeal rods distinct. 

The larva of this genus are very much alike, but specific difECTenoes 
are found in the second antennal joint which varies from transverse 
{dean, coj^ittalum) to twice as long as wide {sttdanicum). 

S. CAFILIATUM LbSNS. 

Larva : Length of head 1*8 mm. Second segment of antenna short 
and stout, not longer than wide. Maxillary palp with basal, segment 
weakly transverse, subequal in length to second which is less than twice 
as wide as long. Claw of metathoracic legs very fine, acuminate, 
brownish. (Larvae from dry stems, Dehra Dun, J. C. M. G.). 

S. OLEABB LeSNE. 

Larva ; Length of head 1*4 mm., width 1*0 mm. Second segment of 
antenna (fig. 40) short and stout, hardly longer than wide. Maxillary 
palp with basal segment transverse, shorter than second which is less 
than twice as long as wide. Claw of metathoracic leg relatively ^ort and 
stout, not acuminate. (Larvae from a dry climber, Dehra Dun, J. 
C. M. G.). 

S. SUDANICUM LeSNE. 

Larva : Length of head 1*8 mm. Second segment of antenna (fig. 
37) elongate, about twice as long as wide. Both segments of maxillary 
palp elongate, subequal in length, the apical one twice as long as wide. 
Claw of metathoracic leg fine, acuminate. (Larvae from dry Mallotus 
philippinensis, Dehra Dun, J. C. M. G.). 

S. ATEATUM LeSNE. 

Larva: Length of head 1*7 mm. Second segment of antenna 
(fig. 38) elongate, but less than twice as long as wide. Basal segment of 
maxillary palp (fig. 39) transverse, distinctly shorter than apical segment 
which is less than twice as long as wide. Claw of metathoracic leg 
subacuminate. Larvae from dry sticks, Coimbatore, Madras, J. C. 
M. G.). 

S. ASALE LeSNE. 

Larva : Length of head 1*8 mm. Second segment of antenna about 
1*5 times as long as wide. Basal segment of maxillary palp weakly 
transverse, shorter than apical segment which is less than twice as long 
as wide. Claw of metathoracic leg very fine, acuminate, (liarvae from 
Java, L. G. E. Kalshoven and from Dehra Dun, J. C. M, G.). 
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^ART I3t.j ^ARDNCic ! tiumsture Stages liniiim Cdsofkr^. 

S. auBSm Lssins. 

Lanra : Ijeagt^ of head 2*4 mm ; width 1*8 mm. Sepond segment 
of antenna (%. 41) about three-fifths as wide as long. Basal s^pnent 
of maxillary ]^{> subeqnal to second which is less them twice as long 
as wide. Mandible as in %. 42. Claw of metathoracio leg not acumi- 
nate, comparatively stout, brownish (Larvae from fuel woid, Dehra 
Dun, 6. D. Bhasin). 

LrrSBATDBE. 

Altson, A. M. 1922. On ihe young larvae of Lyclus brunmus Steph. 
Ann. App. Biol. 9: 187-1^. 

Altson, A. M. 1923. On the method of oviposition and the egg of Lyctus 
brunneus Steph. Journ. Linn. Soc. Zool. 35 : 217-227. 

Beeson, C. F. C. 1919. The food plants of Indian Forest Insects, Indian 
Forester 45 : 51-55. 

Beeson, C. F. C. 1933. Lyctus Beetles in India. Indian Forester, 59 *. 
158-164. 

Boving, A. G. 1922. Taxonomy and Morphology of the Larval Stages 
of Sednda dedivis Leconte. Bull. 1107, U. S. Dept. Agric. 
(Appendix), 49-56, 2 plates. 

Boving, A. Gv and F. C. Craighead 1931. An iliuskated synopsis of 
the principal larval forms of the order Coleoptera. F.nt/ininlt>gica 
Americana 11. 

Kojima, T. 1932. Beitrdge zur Kenntnis von Lyctus linearis Goeze. 

Ztschr. f. Angew. Ent. 19 : 325-356. 

Lesne, P. 1920. Classification des Col<5opt6res Xylophages de la fi»nOI« 
des Bostrychides. Assoc, franc, pour Tavatic. des Sciences, 
Congress de Strasbourg. 

Lesne, P. 1924. Les col4optSres Bostrychides le I’Afrique tropicale 
franpaise. Paris. 

Munro, J. W. 1916. The larvae of the furniture beetles of the fitTniUnn 
Anobiidae and Lyctidae. Proc. Roy. Phys. Soc. Edin. 19: 
220-236. 

Saalas, U. 1923. Die Fichtenkafer Finnlands, 2. 

Snyder, T. S. 1916. Egg and manner of oviposition of LyOus ^nied- 
lis Journ, Agr. Res. 6 : 273-276, 



PLATE 1. 

Apoleoninae ; Psoinac, 

Figs. 1-6. Larva of Apoleon edax Oorliam. 

1. Labium and left maxilla. 

2. Prothoracio leg. 

3. First and second abdominal segments, lateral vieiv, 

4* Mandible ; Im, fleshy appendage. 

6, Thoracic spiracle. 

6. Antenna. 

J'igs. 7-12. iMrvo, oi Heterarthron feanua Jjeane, 

7. Larva, lateral vieT». 

8. Mandible ; Im, fleshy appendage* 

9. Antenna : 6m, basal oonneoting skin. 

10. Labrum and clypeas. 

IL Epiphorynx, 

12. Legs : a, prothoraolc ; 6. mesothoracic ; c, motathoraoio. 
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Lyctime. 

Fig«« 13-14. Larva of Lyeioxf/km japonum BeitL 

13. Lateral view. 

14. Antenna. 

Figs. 15-19* Larva of LyehiM nfru^anus Lesne. 

15. Antenna. 

16. Head. 

17. Mandible ; Im. flethy appendage. 

18. EpipbarynK. 

19. Spiracles of tborax, first and eighth abdominal segments. 
Fig. 20. Larva of LyeiusfiMeua L., antenna. 

Figs. 21-23. Larva of Trogox^lon auriculatum Lesne. - 

21. Antenna. 

22. Mandible. 

23. Spiracles of thorax, first and eighth abdominal segments. 
Fi g. 24. Larva of Minthea rugicollia Walk, antenna. 

Figs. 25-27. Larva of Lychts brunneua Steph. 

25. Spiracle of first abdominal segment. 

26. Antenna. 

27. Maxilla and labium, at, maxillaiy stylet. 
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1, INTRODUCTION. 

Among Indinn timber species, teak has held and still holds a place 
of prime importance. It can be obtained in large sizes of from 20 to 30 
inches square and 30 ft. or more in length. Larger sizes up to 10 inches 
square and 00 to 75 ft. long are not uncommon. Teak is a useful wood 
in every phase of building construction and m railway coach work, and 
is exported in large quantities for ship building. The w'ood is chiefly 
valu^ on account of its excellent retention of shape and its high 
resistance to decay and insect attack. It is, however, grown on a Com- 
mercial scale in certain zones of forests only, and extraction atui 
transportation chaises, which are often very high, increase its price 
considerably in other parts of India where it does not grow. 

Indian forests do, howev^, produce a very large number of other 
species that are suitidile for many purposes for which teak is used. These 
woods are usually employed locally in cheap dwellings or tmaporary 
structures, but teak is tbe timber most used in structures of any im- 
portance. The hig^ cost pf teak has, however, led to a denurnd for other 
speem, and engineers have b^pm to accept them for wo^ of impmrtMice. 
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Some species like foMk StMergMimf} hief«i 

already established their wodh eyeih 

In the sesndi for substatmtes teiilri t>f kia0vie|||e 0 

to the merits «md dmaerits (Ml oth^ «peQies beeane of painnibtet 
importaooe. Ilie qntdito df hhi^ lOthg heeb hbObli 
oontmobd usage, but the qualite of (q»emes could only be deter* 
nuned after many years of stady and lewawtuh. Sbch irock teqaifes the 
expenditure of much money and high techoioal shill on tlm paMt dt the 
otfioer conducting it, and oaa mily be accomplished through CtoTecbiatnit 
agency. This fact ffas recoguii^ by the Ctovemment of Iitdia edto 
inaugurated the Timber Testing Sbotion in 1921 nndnr the able directioa 
of Mr. L. N. Seaman. The resets of ten years of patient and (xmiananus 
work are now presented to the pnMio, and test data on 129 speoiett &om 
different parts of India are induded in this report. With tiliese data it 
is now possible to ooin|wti» dre prop^rlira of these woods with tei&, and 
with each other, and thebe!^ to arrive at sound oonolusions as to the best 
tirnb^ to use for any cpeo^ purpose. 

The informaticm givtm in this report is also of particular service in 
another direction. India imports every year enormous quantities of 
small articles manohustuted from foreign timbers. To take for instance 
only a single example, the East Indian Railway purchases three to four 
lakhs of tool handles annually, and the requirements of all the other 
Indian railways, docks, mines, mills, etc., are estimated to mn into 
millions. Most of the tool handles nsed are of impcnrted ash or hickory. 
It is possible to select, by the aid of test data, a dozen indigenous species 
which can probably be substituted for the imported timbers. Special 
tests made on these lines showed that the following species viz. HeriUera 
minor (stmdri), Sageraea listen (ehooi), Berrya ammonitla (Trincomalee 
wood), Anogeisatis latifolw (axlewood), ScMekhera tryuga (hmm), Am~ 
geissm aeumincUa (yon), Orewia dUmfoUa (dhaman), Olea femgmea 
(Indian olive or kow), arid Parrdia jaetptmontima (parrotia) were 
all suitable for hammer bandies. These species have since been re- 
commended for inclusion in the Railway Board specifications for tool 
handles. 

Other articles such as bobbins, weft pirns, picker arms, shuttles, eto., 
are imported in large quantities every year for which suitable suhstitiditMl 
of Indian woods could be found. There is, however, a omtain amcRint of 
prejudice among the users of these artioli^i against Indian woods. {ax>- 
bably because some of the woods that had been tried hdMw, without 
having reliable knowledge of their prO|racties, were found to be naffiOitable 

In these days of economic stress, when no eiorts ehonld be i|(abed tr> 
exploit the resources of the country and to utilise ind%«aoai |Hniinoto* 



4 p| « ^seM pttrpose if tlw xesolts ptMettiMl 

iio Wmim #1011# pHejwftciieB and looke #e stil>iAibDMcai of ladiati 

I| h$» btnOa fowd by experience that tilie rimjcHrity cl lay ieadeis» 
IntnidGSrilicm and fd^eat oSicezsg bave not the tinie nor the patience to 
tend #ri>i!|^ long teohnical and theoretical reporta, bat are, neveitheleae, 
iataiaoted as practical men in knowing the merits of one species over 
antd^er fat a particular purpose. < Tho^^b not wish to Imow the actual 
«# 0 ines ot the quantitative data, but require merely to compare the 
difbrent woods in some simple manner. The first part of this report 
whkdt is caUed ‘ Fcq>nlar Treatment ’ m especially written for such 
readers. The subject is here presented in as simple and non-teohnical 
a form as possible, reserving sdl technical disoussions and methods of 
calculation for the second part which is entitled “ Technical Txeat'< 
ment In this part the more advanced technical readers will find 
detailed inf ormation about timber testing and the data necessary for 
designing structures and working out strength figures for all purposes. 

Strength data presented in this report have been revised and brought 
up-to-date and supersede siiuilar data published before. 
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2. REVIEW OP WORK DONE. 

The First. laterim Report on the work of the Section of Timber 
Testing was published in 1924 and presented the results obtained up to 
the end of 1922. The Second Interim Report was published in 1926 
and gare the results of tests up to the end of 1924. Up to that time, 
only 18 species had been tested in the green condition, and 9 each in 
air-dry and kiln-dry conditions. After 1924, the Timber Testing Section 
was considerably expanded and more rapid progress was made. This 
Third Interim Report presents an account of the progress made up to 
the end of March 19.'$2. Altogether, 1 46 consignments have been tested 
each in green, air-dry and kiln-dry conditions, and their physical and 
mechanical properties have been computed. The results of tests in the 
green and air-dry conditions are given in the table of results in Part 11. 
The results in the kiln-dry condition arc not given in this report as kiln 
seasoning has still only a limited application in India . Any one interested 
in Min dried material can, however, obtain the test result* on appUcaticm 
to tbe Forest Research Institute, Debra Dun. 

The material for test was collected from all parts of India, the contri- 
bution from each province being as follows : — 


Burma 

Mjadras 

United Provinces 
Bengal 
Andamans . 
Central Provinces 
Bihar and Orissa 
Assam 
Punjab 
Bombay 
Kashmir State 
Chamba State 


consignments.* 

28 

26 

24 

13 

12 

11 

10 

7 

6 

6 

2 

1 


Totai. . 146 

consignments. 


In the Tables, the strengths of 140 consigiunents only are given, 
those that were incomplete and others that reached Dehra Dun in a 
damaged condition having been omitted. 

The number of different species of indigenous woods tested is 120. 


*A “ oonsignmeDt ” oonsiate of five each nine feet tong. 
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MoRt upeoteo liav« been ehcwen for from the provinces where they 
are in<wt abundtcitt or oommetciftHy important. Bnt it is the intention 
later to teet each species separately from all the provinces where it is 
available in commercial quantities (as shown in the. Appendix, Table 
No, 2) as strength is often affected by local conditions. For instance, 
teah firom the Central Indian region is weaker than teak from Burma or 
Malabar, bnt it often has a more ornamental appearance. 

'Tbanks are due to the different provinces that have taken an interest 
in the work and have encouraged us by sending test material. It will he 
seen from the above list of contributions that Burma, Madras, and the 
United Provinces have sent and are still sending many species for test. 
From the data obtained from these tests they have been able to put on 
the market, for constructional purposes, timbers that were hitherto used 
only for minor works. 

Table No. 2 in the Appendix shows the species of timber received for 
test at Dehra Dun, and the progress of the work. It also indicates the 
provinces in which the timber is of economic importance. 
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3. EXPLANATION AND TABLE Of SUITABILITY f IGUBES. 

Ab stated in the Intioduction, altboagh the tables of strengths ^ven 
at the end are of value to engineers, they convey little infonnhiion to 
porsmis who have not acquired a technical training. In order to make 
the results of testing more serviceable to the timber prodneer and timbw 
user in general. Table No. 1 has been prepared. This table afiords an 
easy comparison between different woods, and transforms the more 
technical ^ta into a form which is at once intelligible to the layman. 

How Table 1 is calculated. 

for this purpose, values of eight of the most important properties 
are given in this table. Those values are called “ suUoddlit^ figures ” 
and are intended to indicate the suitability of a timber for particular 
uses. The calculation of each figure is based on all the strength funofdons 
bearing upon the usefulness of the timber for the particular purpose 
under consideration. Taking for instance the property “ strength as a 
beam”, three functions, viz. modulus of rupture and fibre stress at 
elastic limit in static bending, and fibre stress at elastic limit in impact 
bending, are combined, after multiplying them by adjusting and weight- 
ing factors. Suitability figures are calculated in this way for every 
species tested, and the values expressed as percentages of the correspond- 
ing values for teak which is taken as the basis of comparison because 
it is the most widely used, important, and best known Indian timber. 
A discussion of the adjusting and weighting factors referred to above, 
and sample calculations, are given in detail in Part II. It may here be 
sufficient to point out that the determination of these factors is the result 
of long experience and careful study of the properties of timber. 

Limitations of suitabUity figures. 

The values given in this table are not concrete but are only index 
numbers. Teak is taken as 100 in every case. When in the table the 
suitability figure for strength as a beam for Acacia arabica (babul) is 
given as 120 it means that babul is 20 per cent stronger than teak in this 
particular respect. In the same way, the suitability figure of 70 for 
retention of shape means that babul is inferior in this respect, keeping its 
shape only 70 per cent as well as teak. Other properties ate simil^ly 
indicated. 

It will be noted that the figures given in Table 1 are useful for com- 
parison only and give the relative position of a particulac speoies among 
other woods considered with regard to any special use. They must not, 










tM) wed {<« engioeeadiig oalcoktionfl. For tMs ptnpoee ^ 
foDc^om givoi in T«Ue 3 in Piert II may be used with pro|>er 
aafety factors. A table odled “Safe Working StJeaseg” has be^ 
{irepiured for engineers* use in structural design and is published in the 
repost on “Strength Tmts of Indian Timh^ in Structural Sises” 
(Indian Forest Kecord, Vol. XVII, Part VII, 1933). 

It must be remembered that the values given m this publication refer 
to strength properties only. Although strength is an essential quality, 
there are others such as seasoning properties, easy workability, durability, 
appearance, availability in particular localities, cost, etc., which should 
also be studied. The table of suitability figures enables the best selection 
to be made, with regard to strength, from among the available species 
which are satisfactory in other respects. 


Explanation of the mitabUity table. 

In column 1, the serial number is given, the species being arranged in 
alphabetical order. The name of the species is given together with the 
trade name or common vernacular name in the second coinmn, and the 
locality from which material for test was obtained is shown in the third 
column. 

The weight of the wood as compared to teak (both at 12 per cent 
moisture content), is given in column 4. 

In column 6, the figures listed show the strength of the wood as 
compared with teak when used as a beam. Three different properties 
have been taken into consideration as stated above for deriving these 
figures. 

In column 6, figures for the stiffness of wood when used as a beam arc 
given. If the ‘figures are high, they indicate that the wood is stiff, i.e., 
that its deflection under a given load is comparatively small. Moduli of 
elasticity in static bending and in impact bending have been employed 
in this case. 

In column 7,,values for the suitability of wood when used as a column 
are given. Compressive stress at elastic limit and mazimiun crushing 
stress in compression parallel to grain, and modulus of elasticity in static 
bending, have been considered in computing these figures. 

In column 8, the shook resisting ability of the different woods is given. 
For certain purposes such as poles of vehicles and implements, handle 
etc., woods having great resilience are required. Such woods are indi- 
cate by the figures under this heading. Work to maximum load and 
total vrork in stotio bending, and the maximum height of drop in impact 
hanging have been made use of in this case. 
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Iq Golmim 9, tbe ability of diioroQt vrooda to retmn their shi^ hlter 
seasoning is stated in oompariaon with teak, which is saperior to ahnoBt 
all -other woods in this respect. Shrinkage from green to oven^dry 
condition in rolume and in the radial and tangential directions has been 
taken into account here, together with the ratio of tangential to radial 
shrinkage. 

In column 10, comparative figures for shear are ^ven, calculated frcnn 
values of radial and tangential shearing strengths. 

In column 11, comparative values for hardness are shown. Com- 
pressive stress at elastic limit in compression perpendicular to grain, and 
hardness of radial, tangential, and end surfaces have been used in cal- 
culating these figures. 

The suitability figures are calculated by combining the rosults of tests 
in both the green and air-dry conditions as shown in Chapter 8, Part II. 
Those for Artorntpus chaplasha and Casuamm eguisetifolia are based on 
tests of material in the green condition only, as strength values in the 
air-dry condition are not yet available for these species. These values 
are therefore tentative and are printed in italics to distinguish them from 
the values for other species which are obtained from more complete data. 

The values for shock resisting ability for Anogeissus latifolia from 
Madras and for Dipterocarjm tuhercvlaius from Burma are not given in 
the table as data are not yet available. 
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4. STICfK DIAGRAMS OF TIMBER SUITABILITIES. 

Long lists of tests data are rarely studied by tbe average reader evea 
wben expressed ia the simplest form possible. Graphical representations 
of variable quantities are more readily grasped in such cases. A board 
was, therefore, prepared on which the suitability figures for various 
species of timber were indicated by small sticks of the species concerned 
proportional in length to the quality represented. This board has 
proved to be very popular as it afiords a means of visualizing the rela- 
tive merits of different species. It has already been copied for use in 
Museums. It has, therefore, been decided to present in this report 
timber suitability figures in the form of the popular “ stick diagrams. 

In the following diagrams the lengths of the sticks are propor- 
tional to the suitability figures which are also written on them. A dotted 
line across the ‘‘ sticks ** shows the value for teak taken in every case 
as 100. 

The suitability diagrams for Artocarpus chaplasha and Casmrim 
equis^ifolia, because the figures have been derived from tests of green 
material only, are cross-hatched in a different way to distinguish them 
from other species for which the values are based on more complete 
data. 

The values for shock resisting ability for Anogeissus latifolia from 
Madras and for Dipterocarpits tiib&rculatiis from Burma are not given 
in the diagrams as data are not yet available. 
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1. METHOD OP TBSTINO. 

Scope of the work. 

* Th«.si>iidy was undertakea in order to provide : — 

(0) Keliable data upon whicb to base comparisons of tbe various 

species of wood with reference to their mechanical, physual 
and anatomical properties. 

(b) Data to be used in conjunction with other data derived from 

tests of timbers in structural sizes for the establishment ol 
correct strength functions and working stresses for various 
timbers. 

(c) Data from which it will be possible to ascertain the relations, if 

any, which exist between the various mechanical properties 
and the fundamental physical and anatomical characteristics. 

(d) Data upon which may be based anal^rses of the influence upon 

the mechanical, physical, and structural properties of timbers 
of such factors as — 

(1) Locality where grown, 

(2) Position of the timber in the tree radially— distance and 

direction from the pith, 

(3) Height of timber in the tree, 

(4) Change from green to air-dried and from green to kiln-dried 

conditions. 

Tests employed in the study are as follows : — 

Mechanical properties, 

(1) Static Bending test. 

(2) Impact Bending test. 

(3) Com|aeBsion Parallel to Grain test. 

(4) Compression Perpendicular to Grain test. 

(5) Hardness test — Badial, Tangential, and End grain. 

(6) Shear Parallel to Grain test — Badial and Tangential. 

(7) Tension Perpendicular to Grain test — Badial and Tangential. 


* Frojeot 1, IfBohamo^ Fhyiioal and Struotural IVoperties of Wood Grown in India, 
IMw OB Small Ooar Speoimaas, Sohama d Operation No. 1. 
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Phyaiod propertiea. 

1. Moisture content. 

2. Specific gravity— specific gravities at the time of test and oven- 
dry are determined. 

8. Shrinkage (Radial, Tangential, and Volumetric) — shrinkage values 
from green to oven-dry condition are determined. 

Anatomical charaOeristics. 

1. Rings per inch when discernible. 

2. Percentage of sapwood when discernible. 

3. Percentage of summerwood when discernible. 

Selection of material. 

Material required for testing a species is obtained from five straight- 
grained trees of merchantable size. The trees are selected in the forest 
by forest officers, felled in the proper season and sent to the laboratory 
at Dehra Dun accompanied by information as to altitude, aspect and 
conditions of growth. 

Wood being a product of nature, its properties are influenced by a 
number of factors such as soil, climatic conditions, and environment, 
and the results of tests on wood from one locality may not be identical 
with those from the same species grown in another locality. For ins- 
tance Dipterocarpus grijffUhii from Burma and Terminalia Umentosa 
from the United Provinces have been found to be stronger in most res- 
pects than the same species from the Andamans and Madras respectively. 
Species produced commercially in more than one province are collected 
and tested separately from each province concerned. The average of 
the results obtained from all such tests should, except in abnormal 
cases, be taken as representative of the strength of the species. 

Allotment of logs. 

As soon as the logs are received at the laboratory they are put into 
a log pond to await their turn for test. When a consignment is taken 
in hand, one of the logs is divided into two bolts each four feet long which 
are then cut into X 2^* sticks. The sticks are matched together 
and half of them are tested in the green condition while the other half 
are stacked and tested after air-drying. Material for kiln-dry tests is 
obtained in a similar way from another Jog, half the sticks in this case 
being sent to the Seasoning Section for kiln-drying. The remaining 
three logs are tested in the green condition. In the case of tre« of small 
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disioMtor, ton loffi are tested iostead of five, to give a represental^ 
average value. 

8maU dear spedmma. 

Wood is not a homogeneous material and is subject to defects such 
as shakes, knots, cross grain and borer holes. In order to eliminate 
the influence of these defects from the strength functions obtained, small 
clear specimens are chosen tor test. The bolts are cut parallel to the 
axis of growth so as to avoid cross grain, and sticks finished to a dimen- 
sion of 2' X 2" X 48" are obtained. Test specimens of the required 
lengths and free from defects are cut from these sticks. It will, there- 
fore, be seen that the test specimens are of uniform cross section of 
2' X 2* and are free from natural defects as far as possible. 

Infiueme of d^ects upon large timbers. 

Timbers of large size, as used in building constniction, generally 
contain some defects. Tests are, therefore, made on large specimens 
in order to determine the extent to which the strength is reduced by 
different kinds of defects. These results are useful in the preparation 
of grading rules and working stress tables for structural timbers. Ten- 
tative grading rules have already been published,* and working stress 
tables for structural sizes have been prepared from the values <lerived 
by testing small clear specimens in the green condition, which are adjusted 
by the application of safety factors formd suitable in engineering practice.f 

Tests on green timber. 

In Table 3, results of tests on green material are given for 140 consign- 
ments of Indian timber. In this report, the term “ green fiml er ” means 
wood containing moisture in excess of that necessary to wet it to the 
fibre saturation point. Without undertaking a discussion of the signi- 
ficance of the fibre saturation point in timber it may be mentioned that, 
while the strength of wood varies with changes of dryness below that 
point, it undergoes no appreciable changes with different moisture con- 
tents above the fibre saturation point. Some trees contain large quan- 
tities of water while others hold comparatively smaller amounts depend- 
ing in part upon the structure and density of the wood. All growing 
trees, however, have moisture contents well above the fibre atatuiation 

* The Indian Jlorefrt Records, Vol. XII. 1‘art I ll. Second Interim Report on the Work 
under Project No. I by tlio Seotiou of Timber Testing including the results of the Me* 
chauicai and Physical Tests on certain of the commoner indiau Timbers up to end of 
1824. 

t Printed in Report on Project 2 (Indian Forest Record, Vol. XVII, Part VII). 
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point, and ooiuMqumtly the stxengt^ fonotioiiB in the {preen oondituni 
Me not aJIeeted by difier^ooes in this respect. In Project No. I, results 
from tests on green material afiord a better basis of comparison than 
those from teste on air-dry material because, as indicated above, they 
are not influenced by differences of moisture content. Moreover, they 
are not tweeted by seasoning defects and they are averaged from a 
greater number of teste than are the values derived by testing seasoned 
speoimens. The latter values are, however, necessary, because all 
spedes do not increase in strength to the same extent with seasoning. 

Rendts of t&stt on <Ur4ry timber. 

When wood is seasoned no appreciable change is produced in its 
dimensions or its strength until its moisture has been reduced to the 
fibre saturation point. Beyond this point, however, the wood shrinks 
and its strength functions undergo rapid changes, mostly incremental, 
with further decrease in moisture. The sticks from bolts marked for 
air-drying are stacked under cover for seasoning, and the tests are made 
after the moisture content has been reduced to about 12 per cent. The 
improvement in strength due to air-drying is then expressed as a per- 
centage of the corresponding values obtained with green material i^m 
the same bolt. The result shown in italics in Table 3 are computed by 
multiplying the average values for the green material of the whole 
consignment by the respective improvement factors thus obtained. 

Teak, the standard of comparison. 

Teak has been selected as the standard for use as a basis of compari- 
son. Consignments of teak were first obtained from different provinces 
and tested in the laboratory. Teak from Burma and teak from Malabar, 
although coming from localities about 1,600 miles apart were found to 
correspond very closely in their strength properties. Three consignments 
each of 6 trees, one from Burma (ungirdled teak), one from Burma 
(girdled teak), and the third from Malabar (ungkdled teak), were, there- 
fore, averaged together and the values obtained from both green and 
air-dry tests were taken as the datum for comparing all species. 

Detailed information concerning the procedure employed in Timber 
Testing at the Debra Dun laboratory is given in “ Project No. 1, Me- 
chanical, Physical, and Structural Properties of Wood Grown in India, 
Teste on Small Clear Specimens, Scheme of Operation No. 1.” 
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2. BXmHATION OF STRENGTH TABLE No. 3. 

Tlio zeaoltB of mechanioal and physical tests cm smalljolear sped' 
loeos of 140 0 (»isigiun«at 8 of Indian timber are givea in Table No. 3 
both in the green and in the air-dry condition. The results of green 
teats are shown in roman and the results of air-dry tests are shown in 
itdioe. 

In the first edumn the serial number is given. 

Names of speaks. 

In the second column will be found the names o^ the species together 
with the trade names or the names commonly used in the localities 
from which material was obtained for tests. The same species is often 
known by difierent names in diSerent parts of India. In order to re- 
duce the resulting confusion, the Forest Department has undertaken 
to standardize common names for some of the more important species. 
These standardized common names are known as “ trade names ” and 
are given in Table No. 2. They are recommended for use not only in 
India but in foreign markets also.* The trade name is in many cases 
the common name by which a species is known in the provinces where 
it is abundant. Examples of tl^ are kokko and pa^uk which are the 
common names in the Andamans for Alhisria le&hejb Henth., and Ptero- 
oarpus daibergioidea Bozb., respectively. The same common name, or 
even the same trade name, is sometimes applied to several species, 
as, for instance, kanyin or gurjun. The botanical nomenclature pro* 
vides, therefore, the most reliable system of separating the different 
species and is universally used in scientific work. The species in the 
table are arranged in the alphabetical order of their botanical names, 
which are followed by the important vernacular or trade names. 

Loocdity. 

In the third column is listed the locality, t.e., the name of the forest 
divimon and province from which the trees were obtained for test. 
The wood of different species is obtained for tests, in the first instance, 
from localities where it is abundant. 

As already mentioned, the properties of one species may vary in 
different surroundings. It is proposed, therefore, to test each q>eoie8 
from all localities where it is available in commmroial sizes and quantitaes, 
80 as to obtain a comprehensive average for the whole species. In some 


* Sm Forart Bnllettn No. 71 of 1829, Boooomy SoriMk 
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ca»8B, however, where there is m abnormal difference in the pi^oparMes 
of the timber grown in different localities, it becomes necessary to use 
different strength values for the same species according to its place of 
growth. 

In Table No. 3 the values for different localities are given 8ei>arately. 

Number of frees. 

The number of trees tested is shown in the fourth column. Five 
uees are usually taken for testing from each locality,* In cases where 
less than five trees have been tested, the results are tentative and may 
be subject to slight modification as more data become available. 

Seasoning. 

The condition of seasoning is indicated in the fifth column. Material 
tested green is marked * Q * and that tested air -dry marked ‘ A.D/ 
The air-dry specimens are tested as nearly as possible at 12 per cent 
moisture content, and the results are shown in italics in the table. As 
already stated, the values for green material are the more reliable for 
the comparison of species, and are also the appropriate values to use in 
the derivation of safe working stresses. They are free from the in- 
definite factor of seasoning stresses, and the danger of subsequent 
wetting of some structural parts. Even timber which is not exj)osed to 
the weather absorbs considerable moisture in the monsoon. 

Rings per inch. 

The sixth column records the average number of growth rings per 
inch measured along a radial line on the cross section of the wood. Season- 
al growth rings, when visible, usually appear as dark bands or concentric 
lines caused by temporary retardation or complete cessation of meris- 
tematic activity. One ring is normally added every growing season, 
and the number of rings per inch is an inverse measure of the rate of 
growth, which may be as fast as 1 or 1| rings per inch or as slow as 40 
to 60 rings per inch, dej^ending upon the circumstances under which the 
growth took place. The strength is sometimes influenced to a certain 
extent by the rate of growth. In conifers, excessively fast growth tends 
to produce weak wood, while in ring-porous woods of the broad-leaved 
species the faster growth, within limits, yields stronger wood. Abnor- 
mally fast or slow growth is usually a source of weakness in either ease. 

As laid down in Ih-oject 1, Mechanical, Physical and Birnotural Properties of Wood 
Oown in India, Scheme of Operation Ho. 1. 
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A growth mte od about 6 to 12 ringe pet ioob in the case of teak appeacs 
to be faeoumMe for tlie production of good-quality wood. 

jbt the oose of difiuse porous woods of the broad-leaved species it 
is often impossible to distiiiguish any seasonal growth rings. It is 
{Hcobable that conditions which affect the rate of growth of these trees 
also have an influence on the quality of the wood produced, but on ac- 
count of the want of a visual method of determining the growth rate the 
number of rings per inch for such species is not recorded. 


Peffsentage of summer wood. 

By summer wood is meant the dark-coloured portion of the growth 
ring which is composed of thick-walled, strong elements. Consequently 
the greater the percentage of summer wood in the cross section of a piece 
the greater its strength. 

When the spring wood and summer wood, or, more appropriately, 
the early wood and late wood, can be distinguished, the ] roportion of 
late wood gives some indication of the relative strength of the specimen. 
In coniferous species the amount of late wood in each growth ring 
appears to be less variable than the amount of early wood, resulting in 
an excess of the latter in wood which has grown very rapidly. Hence 
conifers which have grown moderately slowly, having a smaller propor- 
tion of thin-walled conducting tracheids, are stronger than those of 
excessively fast growth. In the case of the ring-porous species of the 
dicotyledons, on the other hand, variations in the width of the ring 
occur to a larger extent in the late wood portion, with the result that 
the faster grown ring-porous woods have a larger percentage of the 
thick-walled summer wood cells, and are stronger, within limits, than 
the wood of slower growth. In the diffuse-porous woods the structure 
is more uniform, and it is impossible to distinguish by visual examina- 
tion between spring wood and summer wood. The majority of Indian 
woods are diffuse-porous and an estimation of summer wood in most 
cases is not possible. 


Spedfio gravity. 

The ‘ speoifle gravity ’ of the wood is given in columns 7 and 8. 
These values are obtained by dividing the weight of a specimen in 
grammes by its volume in cubic centimeters. What is found, there- 
fore, is actually the density of the wood, but the term ‘ specific gravity ’ 
has become so well established in research relating to timber that it has 
been retained. These values furnish a reliable guide to the relative 
weights of the different species. 
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la timber reseandt, the t«m ' speoifio gravity ’ reqtiixea to be ^paailiy&td 
by a statemeat of the ooodUaoas oadm which the determioetHm waa 
xoade, became the volamfi of the wood is yaiiable. An wood be|^ 
to shzi^ in seasoning the volame diminishes, and the fintd volome may, 
moreoTer, be afieoted by the initial conditaons <d drying. For tehalde 
comparison of the difierent species it is necessary, thexefme, that the 
fonotions should be derived from quantities that axe ocmstant. Sodh 
quantities are the wmght of the oven-dry wood and its volume in the green 
emdition. The specific gravity values recorded in column 7 refer to the 
voltime of the wo^ at the time of test, green or air-dry as the case may 
be, and the weight of the oven-dry wood. They are deteonined by 
accurate measurement and weighment of all test spedmms which have 
the form of right prisms. The weight data thus obtained include the 
moisture content of the specimms, for which they must be corrected 
after the moisture determinations have been mode. The specific 
gravity at time of test is then calculated from the volame and the 
corrected weight. 

The values presented in column 8, specific gravity oven-dry, ore 
based on both the volume and the weight of the specimeiu) after oven- 
drying. In this case the volume is usually determined by finding the 
weight of water displaced by the specimen, though displacement of 
mercury is sometimes employed. 


MoiOwe conimt. 

The moisture content is expressed as the ratio of the weight of water 
contained in the wood to the weight of the dry wood, and is given in 
colunm 9. A small disc is cut from each specimen near the failure, 
weighed as soon as possible after test, and carefully dried at 98® ± 3®C . 
in a well ventilated electric oven, provided with thermostatic tempera- 
ture control. After drying to constant weight the disc is again weighed 
while still warm. The difference between the first and the last weights 
is the weight lost by the wood in drying, and is expressed as a percentage 
of the weight of the dry wood. This loss, of course, includes any other 
material that is volatile at 100°C. as well as the water. In exact analyses 
such volatile constituents are extracted separately, but they are not 
found normally * to introduce any serious error in praotacal moisture 
determinations. 


* In speoios exceptionally rich in volatile oontents euoh aa deodar (Gtdrut deodara, 
Loudon), results of ordinary moisture determinations on soasoned mati^al may fee ap- 
preciably infiuenoede ^ * 




27 


Elltt liiWATK : Ptop&fHee cf W 9 oit Gmm in India. 

Weight. 

We^t, like spedfio gravity, is an indefinite quantity unless qualified 
by a atatessent of the conditions under which it was detomined, and ibe 
ntoisture content to which it applies. The weight of wood is also in- 
fluenced by the presence of gtuns, resins, <» infiltration products, as well 
as the density of the wood substance itself, and may vary, to a certain 
eatoit, in diflerent parts of the same tree. 

The values in column 10 are the average weights of material tested 
green or air-dry as the case may be. 

In column 11, the wei^t of seasoned timber corrected to 12 per cent, 
moisture content is given. These figures afford a means of comparing 
the relative weights of seasoned timbers of the different species. 

Shrinkage. 

Moisture occurs in green wood in two ways— as free water contained 
in the cell cavities and intercellular spaces, and as water required for 
cell wall saturation. Loss of the free water from the voids in the wood 
docs not, in general, affect the dimensions of the material. When all 
the free water has been removed but the cell walls are still fully satu- 
rated, the wood is said to have reached the fibre saturation point, in 
which condition it still contains from 25 to 30 per cent moisture. On 
further drying shrinkage begimi and continues until the wood is complete- 
ly oven-dried. 

Shrinkage in length is very small and is generally neglected. Shrink- 
age in the lateral directions is very much greater and is of importance 
in the use of wood. In the radial direction it varies from about 1-1 
per cent to 6 percent and in the tangential direction from about 3"3 
per cent to 16-8 per cent in the species which have been tested. The 
volumetric shrinkage is, of course, the resultant of the shrinkages in all 
the three dimensions. Radial, tangential and volumetric shrinkage 
are all determined independently from separate samples as laid down in 
Project 1. In all cases the observations are for total shrinkage, t.6., 
from green to oven-dry condition, and are given in columns 12, 13 and 
14 respectively. 

Special shrinkage tests have been conducted at Debra Dun to deter- 
mine to what extent shrinkage determinations based on small specimens 
can be relied upon to indicate the shrinkage which may be expected in 
planks of commercial size. The data so far obtained as a result of up- 
wards of 40,000 observations clearly show that the shrmkage determina- 
tions based on small laboratory specimens furnish a reliable indication 
of the actual shrinkage in commercial sizes. 
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BUUio hmSmg. 

TJiis is a very important test. Tiie method of testing and the data 
reocnded are described in “ Froject No. 1, Mechanical, Phy^oal, imd 
Structural Properties of Wood Grown in India.” Briefly, the test is 
carried out on specimens, 2' x 2' x 30* long, with a cental load acting 
ovec a 28* span. Phe loading head descends at the rate of yip- * per 
minute and deflections are read correct to ■—* simultaneously with 
the load without stopping the machine. The oba^ations are then {dot* 
ted and a load-deflection curve obtained, fnna which the strength funo- 
tions are calculated. 


Fibre stress at dastie limit. 

Up to the elastic limit, or limit of proportionality of stress and strain, 
the deflections are proportional to the loads which cause them and the 
load-deflection curve takes the form of a straight line. If a beam is 
loaded within the elastic limit for a short time the resulting deflection 
disappears with the removal of the load, and the beam regains its original 
shape. If, however, a wooden beam is loaded to produce a stress ap- 
proidmating to its elastic limit, its deflection wiU continue to increase 
for a long time. If the load is in excess of the load at elastic limit, 
even by a small amount, the beam is liable ultimately to break. The 
fibre stress at elastic limit is, therefore, an important value, and beams 
should never be suiflciently loaded to reach this limit. 

Modulus of rupture. 

The modulus of rupture, given in coliunn 16, is the apparent fibre 
stress in the outermost fibres at maximum load and is cadculated in the 
same way as the fibre stress at elastic limit. Although the abumptiuns 
on which the bending theory is based do not hold good beyond elastic 
limit, the modulus of rupture is a convenient and reliable function for 
comparing the strengths of diflerent species, as it reduces the danger of 
personal error present in the determination of the elastic limit. The 
modulus of rupture is the value adopted m the derivation of the safe 
working stresses* for Indian timbers printed elsewhere. 


Modulus of elasticity. 

The modulus of elasticity is given in column 17 and is a measure 
of stiffness. Woods with a Ugh modulus of elasticity deflect little under 

*Kopor( on Work under frojoct No. 2 , Strength Teste of Timbers in SWootorai Sizes 
with Test Xiesults up to 1932. 





OOOP' 




0 0 
0 . o 
W sal ^ Nl 


0 o 

o o 

o avoi 





















X] lOiilSB : Pf'^wr*ie» ^ W«4* Grown in Irma. m 

Ited ii^ iift H taDHapMed in ibe exiarcne stifimss of tmiri 

;0U0wm imfner) irilwtK hut % modiiinfl of elasticity of 2,877,000 flw. 
per sq. tike rdetively pester ffcaribility of mulbeny {Mmis 

: w&a}t for wlMoh tbe coirespcfflding Take is 1,622,000 lbs. per sq. in. 13ie 
' ilMidBlue of e^aetioity is tile function wkicb is used in ccnnpnting tke 
ol pnsts, beams, and other members subjected to bending. 


Worh 

Work is a measure of toughness and is proportional to the area in- 
cluded under the load-deflection curve. It is given in columns 18, 19, 
and 20, the heading work to elastic limit, work to maximum load, 
and total w<m|£. 

Work to sMstic limit is a measure of the ability of a material to absorb 
shook witbont Ixdng stressed beyond its elastic limit. 

A high value for work to maximum load (column 19), indicates a 
mfttAWftl that will absorb severe shocks before it begins actually to break. 
A considerable difference between the values for work to elastic limit 
nn,t work to mskximnm load connotes a wide margin of safety, and a 
b^m which is superior in this respect will seldom break suddenly, but 
will give waning of its failure by sagging considerably. The m^t 
suitable woods for the manufacture of articles requiring a comknatwn 
of toughness and resilience are those which combine a moderately high 
vdue for modulus of elasticity with a satisfactory value for work to 
maximum load. If, in addition, a species has a high value for total work 
it may he expected to withstand considerable abuse. The possession 
of these qualities is evident in curve No. 4 of Figure. No. 8, which is a 
typioal load-drfection curve for Indian mulberry (Morns alba), which 
eippri«n"*» has shown to be a first-class wood for tennis racquets and 
hockey stdcks. 

The tot#] work, shown in column 20, represents all the work ftbsorhed 
by the specimen up to the completion of the test, which, in Project 
No. 1, is taken as the point at which the beam has either bent to a de- 
flection of 6 inches or failed to support a load of 200 lbs. Readings 
beyond these limits do not materially increase the results. 

Flgnie 8 typical load-deflection curves for four species of 

timhei tasted in the idr-dry condition. Of th^e No. 1, ioMu (Jtdwra 
aerii^oUaU is the woakest, '^ough in reality a moderately wood. 

Its veiatvvie weafeaess as oompared with the other tiuree species is .shown 

the of the highest points of tiie curves, wMle its eoncpara- 

tim is i nd k atwl by tiie abrupt drop of .curve No. 1 from 

its highest point and its rektiverfy dhwrt extaamon beymid that poi«t, 
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No. 2, baM (Aeada arabiea), and No. if thingm {Hopm odordta), haire 
strength, properties ratii^ shosilAT in nature, though discing in degree. 
The extra strength of the babul is indicated hy the extra height of its 
carve. The carve of No. 4, mnlbOTiy (Momt alba), is differant in nature 
tom the other three. The str^gth of the -wood is little inferior to that 
of Aingan, bat it is not so stiff and it is a great deal toa^^. It is the 
possesffion of these two properties, indicated respectivdy by the greater 
slope of the initial portion of its curve, and by the relativdy wide flat 
top of the carve and large area enclosed, that makes it snch an exoellmit 
wood for sports goods. 


Impact bending. 

The specimens for the impact bending test are 2* x 2" x 30' long. 
They are snpported at the ends in special bearing blocks spaced 28' 
centre to centre. A blow is delivered at mid-span by a freely falling 
60-lb. weight, which is raised by an electro-magnet and automotically 
released at predetermined heights. Figure No. 9 illustrates the machine 
in operation. 

The weight carries a stylus which presses against the surface of a 
vertical drum around which a sheet of paper is wound. The stylus 
thus registers on the paper the starting position, the height of drop, and 
the deflection of the beam under each impact, the drum being slowly 
rotated by hand during the test. The first drop is from a height of 2', 
which is then increased by one inch for each succeeding drop until a 
height of 10' is reached, after which 2-inch, increases are employed until 
complete failure or 6' deflection of the beam is obtained. Fig. 10 shows 
a typical impact drum record sheet for Stcreospermum suavedms. 

The total height of drop, or the head, and the resulting deflection 
are obtained from the drum record sheets and the head is plotted against 
the square of the deflection. As within the elastic limit the square of 
the deflection varies directly with the height of drop producing it, the 
elastic limit is indicated on the graph by the point where the straight- 
line portion ends. 

Fibre stress at elastic Utnit, 

The fibre stress at elastic limit in impact bending, found in coiunm 21, 
is the greatest stress to which a beam can be subjected by a blow and 
recover completely. With wood this stress is commonly about twice the 
corresponding stress found in static bending. Wooden beams, there- 
fore, do not suffer as seriously from impact loads as do tiiQSe of most 
other materials, and in designing timber beams im> extra aHowance need 
be made for suddenly applied live loads.. 
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FIG 9 

IMPACT TEST. 

A blow is delivered at mid span by a freely falling 50 lbs. weight. 
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FIG. 10. 


IMPACT TEST DRUM RECORD. 
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Maxmtm drop. 

value foaiul in coltunn 22 is the height, in inches, through which 
it was neeesrory to let the 50-lb. weight fall in order to break the speci- 
tasm. It is an important function in determining the suitability of 
woods for use as hammer handles, spokes of wheels, sports goods, etc., 
and indicates the shock-resisting ability. 

Modulus of elasHeity. 

The modulus of elasticity in impact bending is given in column 23, 
and, like fibre stress at elastic limit, is greater for impact than for static 
bending. This illustrates the superiority of wood in its power to resist 
and absorb live load shocks, and accounts in part for the high reputa- 
tion it enjoys for use in aeroplane structure, sports goods, and railway 
sleepers. 

It has been established from actual experiment that wooden beams 
continue deflecting for a long time under a steady dead load even if 
it be within the elastic limit. It is consequently good practice, in cal- 
culating the deflection of wooden beams, to use the live load plus double 
the dead load and employ the value of modulus of elasticity found from 
static bending testa. 

Work to elastic limit. 

Work to elastic limit in impact bending indicates the power of the 
wood to absorb shock without undergoing stress beyond its elastic limit 

Compression parallel to grain. 

The specimens used for this test measure 2* x 2' in cross section 
and 8' along the grain. The ends are carefully prepared and the pressure 
applied through a hemispherical bearing block to avoid eccentric loading, 
Oarefiil preparation and the shortness of the specimen prevent the danger 
of bending. The material is, therefore, stressed by a load which is acting 
axially along the grain. 

Compressiie stress at elastic limit. 

This value, recorded in column 25, is a measure of the load which the 
wood can carry on its end grain without being stressed beyond its 
elastic limit. Although the umximum crushing stress is the value used 
in most engineering calculations, the compressive stress at elastic limit 
is anployed in the selection of correct safety factors, and also in com- 
puting the index figure for suitability as a poet or strut given in Table 
No. 1. 


o2 
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MmfyiAkm ibnbM^f arets. 

BKbifaMtite <sitjudiing stteite, (cdhiitm 26)» indicates the Ability ^ tlie 
wood cnistaui a slowly applied atial lohd On short ccdtdtn^ ilritliKiM 
aetiiiil Isilnre. This valiie is nsed, With the application Of aoitihle MMy 
hiiitoah, in dOsigning oolutons. Ibe compota^ons inay he based on bnfilh- 
tng strength alone if the length of the oolnnm does not exceed about 10 
times its least diameter.* In slender columns the etifiness becomce im* 
portant and one of the standard column formuhe must be used in order 
to allow for the effect of possible eccentric load. 

Modulus of eUtstidly, 

The modulus of elasticity in compression parallel to groin in column 
27, dUlers from that obtained in the bending test and is generally 
greater. The modulus determined in bending tests is influenced by the 
sheOti^ properties of the wood. The fibrous nature of timber, more* 
Ovfer, cafiSes it to offer very different resistance in different Sections 
to f^e iction of external forces. 


Compression perpendicular to grain. 

The specimens for the “.compression perpendicular to grain” test 
are 2" X 2' in cross section and 6* in length. Load is applied throngh a 
2* Wide steel plate placed across the mid-length of the specimen on a 
rSdial surface. An area of about four square inches is subjected to 
direct compression in this way. 

The only strength function studied in this case is the fibre stress at 
ehiStic limit, which represents the maximum stress which can be applied 
to the limber in this way without causing injury. This vidue is nsed 
in determining the necessary bearing area for beams, joists, and joints, 
and for comparing the suitability of woods for use as sleepers. 


Hardness. 

Hardness is tested by ascertaining the load required to imbed a steel 
ball qf 0*444' diameter (1 square centimeter projected area f ) in the wood 
to half ha diameter. This test is applied to radial, tangential aind end 


* Taohnioal Bulletin No. 167^ tJnited Statess Department of Agrlenltui^, 

I). C., U. S. A. “ Tests of large Timtier oolunms and presentation of the Fomt 
LaWatory column pormtila ^ by J. A. Newlha atid J, M. Gahagan. (Fear isite % the 
Superintendent of Dooumefits, Washington, D.C., U. S. A„ IS 
It. is reoopimended that the Ijbirmula prei^ted in the above {rablt^Oi^ be in 
the design of wooden structures until a formttla devised from im it^irnym of Wts kt 
Dehra l^n on large timber columns of indigenous species becomes available, i < 

1 1%ii is an adaptation of Prof. Janka’s method. 




Limaye , --Third Interim Report on 






Limaye .—Third Interim Report on Project I. 








XincAin : Prop^ifiea ^ Woo4f &fown in India. 


#B(;&we 9 th? Wf^ts are tftlMftted in oolnmns 29, 80 and 31 mb- 
The values f<» hardness serve as an in^cation of tile tiae* 
ef a timber for iailwn 7 sleepers, wooden doors, bearing IBooks 
msd in plaoes where either abrasion or indentation is excessive. 

Shear. 

The specimen for shearing and riie method of application of the load 
are shown in figure No. 11. The load is applied to a projection of the 
test specimen. As the steel loading piste descends, the projecting lip 
is sheared od from the rest of the block. The total load divided by the 
area over which it is distributed — about 4 square inches in this case- 
gives the shearing stress, and is presented in columns 32 and 33. Two 
sets of specimens are prepared, one presenting a radial surface and the 
other a tangential surface to the shearing force. 

Tension perpendicular to grain. 

The specimens for the “ tension perpendicular to grain ** test and 
the arrangement of the machine are shovro in Fig. No. 12. In this case 
also the load is applied at right angles to the grain in radial and tangential 
planes, and the results are given in columns 34 and 35. These results 
are useful in estimating the strength of wood in resistance to the splitting 
action of bolts and other fastening acting across the grain. 
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3. HOW SUITABILITY FIGURES ARE CALCULATED 

The reason, for the adoption of suitability figures has been explained 
in an earlier part of this report. Briefly, the various strength fuiustions 
which ajSect the usefulness of a timber for a particular piupose ere com- 
bined to produce a single index figure indicating its relatiye value in 

(1) strength as a beam, (2) stiflness as a beam, (3) suitability as a post 
or strut, (4) shock resisting ability, (6) retention of shape, (6) shear and 
(7) hardness. The relative importance to be allotted to various proper- 
ties is largely a matter of judgment, and diflerence of opinion may pos- 
sibly exist as to the best procedure. The method was originally devised 
by the United States Forest Products I/aboratory. Such motUfications 
as seemed desirable have been made by the author and incorpor- 
ated in this report. 

Th is method of combining data involves : — (1 ) the determination of 
which strength functions should be combined in each suitability figure ; 

(2) the determination of adjusting factors to reduce the values of different 
functions to the same order of magnitude ; (3) the determination of 
weighting factors to give more or less relative imjjortance to the different 
functions combined ; and (4) the determination of the best method for 
combining the results obtained from the tests of green and air-dry 
material to derive a single suitability figure. 

The following is a list of the strength functions, adjusting factors, 
and weighting factors adopted in this report. The adjusting factors 
are calculated from the test results obtained with teak. The weighting 
factors are in many cases the same as those adopted by the United States 
Forest Products Laboratory, but in some cases modifications have been 
introduced as the result of experience with indigenous woods. 


Functions Entering into the Calculation oj Suitability Figures. 




AnjusTiNa factors. 


Suitability. 

Strength functions. 

Green. 

Air- dry 

12 percent 
Moist. 

Weighting 

factors. 

Strength as a beam . 

M. of B. in Static bending 

1*00 

1-00 

3 

F. S. at E. L. in Static 
bending. 

1-61 

1*50 

1 


F. S. at E. L« in Impact 
bending. 

0*0S 

0*74 

1 

Stif neas as a beam . 

M. of E. in Static bending 

1*00 

1*00 

2 


M. of E. in Impaot bending 

0*77 

0-76 

1 
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AnJUSTINO XAOTOBS. 

Weighting 


Strong^ funotione* 





Air-dry 

factors. 


Green. 1 

L2 per cent 
Moist. 


SuitabiUty ati a poet a«r 
fitrut, 

Max, Or. Str. in Comp. 

parallel to CTain. 

F. S. at B. Xu in Comp. 

1*00 

1*44 

1-00 

1-47 

1 

i 


paraUel to grain. 

M. of E. in Static bending. 

3-61 

4*53 

1 

Shock roshiUng ability 

1 Work to Max. load in Static 
bending. 

Total worit in Static bend- 

l-OO 

0-34 

1*00 

0*43 

2 

1 


ing, 

H^t of drop in Impact 

0-266 

0*428 I 

1 


bending. 




Ilotention of ehape . 

Shrinkage — 

volumetric (Green to 

1-00 


2 


oven dry). 

radial (Green to oven 

2-96 

•• 

1 


dry). 

tangential (Green to oven 
dry). 

liatlo of tangential ; radial 

1-6? 

*• 

1 


L 3-72 

•• 

2 


Retention of shape 

• • 

» • 



= ^ X 100. 





shrinkage 




Shear 

Radial . . • • 

Tangential 

1*00 

0*90 

1*00 

0*85 

1 

1 

Hardness 

F. S. at K. X in comp, per- 

1*00 

1*00 

2 

pendicular to grain. 

1*01 

1*03 

1*15 

1*30 

1 


Radial hardness 

1*31 

1*37 

1 


Tangential hardness 

End hardness . 

1 

t-T.. P 


Average test results frora each consignmeu. 
green and air-drv material are first calculated separately and then ^om 

2G +AD 

Thus the final suitahlity figure = 

Where G= suitabiUty figure calculated from values of teste on 
specimens in the green condition. 

AD= suitability figure calculated from values, corrected 
to 12 per cent moisture content, of tests on speci- 
mena in the air-dry condition. 
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Sample etdmdaiim. 

The following example, based on the tests of axle-wood (wlnCjjrewttts 
kUifolia) from tihe United Provinces, will illnstrate the method of 
lation. T<^ results for air-dry material are oorreoted to their equivalent 
values corresponding to a 12 per cent moisture content, by employing 
the following formulas devised by the United States Forest Products 
Laboratory : — 

(1) If the moisture (»mtent of air-dry material is under 12 per emit. 

’* 18-m ^ 

(2) If the moisture content of mr-dry material is over 12 per ceirf;. 

“ 22-m ^ 

Where Djg =s the value of the function reduced to its equivalent 
for 12 per cent moisture content. 
m= the moistiure content at which air-dry tests were 
made. 


Suitability Figures Based on Results of Tests in tJie Green Condition. 


Required to find. 

Green 

values. 

Adjusting 

factors. 

II 

Suita- 

bility 

figures. 







Strength as a beam, 
M. of B. in Static bending 
F. 8. at E. L. in Static bending 
F. S. at E. L. in Impact bending 


Stiffness as a beam. 
M. of E. in Static bending 
M. of E. in Impact bending 


Suitahility as a poet or strut. 
Max. Or. Btr. in comp, parallel to grain 
0. S. at E. Xi. in comp, parallel to grain 
M. of E. in Static bending 



X 

100 

X 

2 = 22,890 

5,962 

X 

1-61 

X 

1 « 9,699 

17,946 

X 

0*68 

X 

1 « 12,202 





4) 

44,602 






11,173 

1,601 

X 

1*00 

X 

2 = 3 # 0 i 02 

1,947 

X 

0-77 

X 

1 = 1*499 





3 ) 

4,601 






1,600 

5,168 

X 

1-00 

X 

1 

6,108 

2,679 

X 

1-44 

X 

1 

= 3,868 

1,501 

X 

3-61 

X 

1 

« 6,309 





T) 

14,296 






4,76s 
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SdMtiig figum Based m ReniHs of f t‘«te in the Qrem Condkim — 

eontd. 


Green 

valueH. 


16-5 A 100 X 2 33 00 

51-9 < 0-34 X 1 = 17-65 

56*0 X 0*266 X 1 = 14*90 

4 ) 65*55 

10*4 

12*2 V 1*00 X 2 = 24*40 

3-9 X 2*96 X 1 = 11*54 

7*3 > 1*62 X 1 11*83 

1*87 X 3*72 X 2 ^ 13*91 

6 ) 61*68 

BhHiikage ; • • * • 10*3 

Betentionof shapes ^ ^ 


Shear, 


Radial 

1,378 X 1-00 X 

1 = 

1,378 

Tangential 

1,493 X 0-90 X 

1 = 

1,344 



27^ 

2,722 




1,3«1 

HardReee, 




C. fi. at U. L. in Comp, perp, to grain 

. I 1,176 X 1-00 X 

2 = 

2,352 

Badial hardnesa 

. ; 1,630 X 1*01 X 

1 

1 « 

1,646 

TangiHdial bardneae . . . . 

1.606 X 1*03 X 

1 « 

1.663 


Bui li»r^tnoaB 


1,670 X 1*15 X I « 1,991 
5 ) 7,672 

1,614 



Shock reei(4ing ahtUfy, 
Worlc to Ma«. load in Biatie beiiding 
ToM work In Btatio bending . 
Haifiit of drop in Impact bending . 


Shrinkage 


ReUniion of ehape. 

^volumetric (green to oven dry), 
radial (green to oven dry) 

< 

tangential (green to oven dry) 

L Ratio — tangential: radial . 


j| 3 






Indian Porett Meeorit, 
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Suitability Figures Based m Results qf Tests in the Air Dry Condition. 
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WintA SmiabAAg Figures {Qreen and Air-Dry combined). 


Suitability, 

2G + Al> 

a 

Combined 

suitability 

%ure. 

Per cent 
of 

teak. 

Strexigtb as a beam .... 

22,346+13,260 

3 

11,869 

96 

Stiffness as a beam . 

3,000 f 1,621 

3 

1,640 

89 

SuitaHliiy as a post or strut 

9.630+6,221 

3 

6,260 

78 

Shock resisting ability 

32-8+16-8 ’ 

3 

16‘2 

106 

Betentiou of sbai)o .... 

based on green 

9*7 

66 


value only. 



Shear 

2,722+1,786 




3 


134 

Hardness 

3,028+2,387 

1,806 

j 

160 


3 



The percentage figures thtis found are rounded to the nearest five 
and given in Table No. 1 . 
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4. EXPLANATION OF TEEMS USED. 

Air-Dry {A. D.), — See Seasoning. 

Compresmti PnraUd to G'mtn.—This is a test of the strength of the 
wood when subjected to a load acting axially along the grain of the wood. 
In the test the length of specimen is not more than four times the least 
cross sectional dimension and the load is applied slowly. 

Compression Perpendicular to Grain . — This is a test of the load that 
the wood is able to carry when applied slowly across its grain. This 
test is of use in determining the allowable bearing pressures in the case 
of structural members, bearing blocks, rails on sleepers, etc. 

Compressive Stress at Elastic Limit (C. S. at E, L.) in Compressim 
Parallel to Grain , — This signifies the greatest load per square inch that 
the wood is able to carry on its end grain without passing the elastic 
limit. 

Compressive Stress at Elastic Limit (C. S, at E, L.) in Compression 
Perpendicular to Grain . — This is the greatest load per square inch ap- 
plied across the grain, which the wood is able to carry before the elastic 
limit is passed. 

Elastic lAniit {E, L.). — When a material is stressed it imdergoes a 
strain, and up to a certain limit the increase in strain is proportional 
to the increase in stress. The greatest stress up to which this propor- 
tionality holds good is called the elastic limit. Beyond this point the 
strain of the material increases more rapidly than the stress. This 
property is also termed the “limit of proportionality of stress and 
strain.’’ 

End Hardness . — See Hardness. 

End surface . — A plane section of wood at right angles to the grain 
is called the end surface. 

Fibre Saturation Point . — Water is contained in wood in two ways 
m., (a) that absorbed by the cell walls and (b) that occupying the voids. 
If wood is dried uniformly the free water is evaporated first. A stage 
is ultimately reached at which all the free water has evaporated and 
only the water absorbed by the cell walls remains. This state is called 
the “ fibre saturation point.’’ 

Fibre Stress . — This term is used to designate the stress in the outer- 
most fibres of a loaded material. 

Fibre Stress at Elastic lAmit {F. 8. at E. L.).— This is the greatest 
stress that the fibres can sustain without passing their elastic limit. 
In the case of wood F. S. at E. L. is different for difimwnt kinds of 
loading e.g., in static and in impact bending. 

Green (0.).— See Seasoning. 
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liturdii^ of wood i« tested by fiodiBg the load which 
is tlWeesary to Meiit the sttrfaee to a certain depth of gi\m 

diameter. The hardness of wood is meetstired in three pianes at right 
angles to each other, tu.:*— 

(1) end hardness, when the baU is forced into the end surface, 

(2) radial hardness, when the ball is forced into the radial surface, 

(3) tangential hardness, when the ball is forced into the tangential 

surface. 

Height of Drof in Impact Bending . — This signifies the height through 
which it is necessary for a freely falling weight of 60 lbs. to drop on to 
the middle of a beam of 2^ x T cross section and supported on a 28'" 
span, in order completely to fracture it. 

Impact Bending.- Impact bending is the test of beams under loads 
applied as blows. The beams are supported at each end and subjected 
to the blows of a weight which falls on to the middle of the beam in a 
manner somewhat similar to the action of a pile driver. 

Kiln Dry (K. /).). — See Seasonii^. 

Mcmmum Crushing Stress (Max. Cr. Sir.) in Compression Parallel 
to This signifies the load per square inch which applied to the 

end grain of the wood is just sufficient to break it. 

Moduhts of Elasticity (M. of E.) — This, also called Young^s Modu- 
lus,” is the ratio of stress to strain within the elastic limit, and is a mea- 
sure of stiffness. 

Modulus of Rupture. (M. of i?.)— This signifies the stress m the outer 
fibres of a beam at the instant of breaking, calculated on the assumption 
that the stress conditions of the beam are the same beyond as within the 
elastic limit. The assumption is incorrect but the results are consistent 
and useful for comparing the strengths of beams of different materials. 

Moisture Consent.-— The moisture content of wood is usually expressed 
as the ratio of the weight of the water it contains to the weight of the oven 
dry wood. 

Oven d»y.-~See Seasoning. 

Raddal Jmdness . — See Hardness. 

Radial shear.— Set Shearing. 

Radial termon . — See Tension. 

Mtiial surfaee.—A plane section of wood in the direction of the medul- 
lary rays is called the radial surface. 

Seasoning.^ Seasoning is the process of drying timber to fit it for use. 
The condition of dryness of wood is also designated as its seasoning.” 
The seasoning conditions mentioned in this report are :- (l) Green, 
(2) Air dry, (8) Kiln dry, and (4) OVten dry. 
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(1) Orem (fl).— Besults tabulated under the heading “ ^mx ** have 
been obtained from mateml tested as soon as possible after filing. 
All timber tested green contains moisture in excess of the fibre satura- 
tion point. 

(2) Atr dry (A. D.) — Values tabulated under this heading have been 
obtained by testing material which has been seasoned, as nearly as 
possible, to a moisture content of 12 per cent. Strictly speaking, “ Air 
dry ” signifies the condition of wood when it has reached a state of hy- 
groscopic equilibrium with the atmosphere, and this condition varies 
wildi changes of climate and of season. 

(3) Kiln dry (K. D). — This term is used to designate timber which 
has been subjected to accelerated and controlled seasoning in a kiln. 
For test purposes the moisture content of kiln seasoned wood is kept, 
as nearly as possible, at 12 per cent. 

(4) 0>'en dry. — Specimens are said to be “ oven dry ” when they 
have been subjected to a controlled temperature of approximately 
100® C. until they have ceased to lose weight. 

Shearing ; — 

(1) Shearing ParaUd to Grain test. — This is a test of the strength of 
the wood to resist a force, acting in the direction of the grain, which tends 
to cause one portion of the body to slip past the other. The specimens 
are tested in shear both on the radial and the tangential planes. 

(2) Radial Shear. — Shear is said to be radial when the plane of 
failure coincides with the plane of the wood rays. 

(3) Tangential Shear. — Shear is said to be tangential when the 
plane of failure is tangent to the seasonal growth rings. 

Specific QratAty {Sp. Or.)— The term specific gravity as used in timber 
testing means the ratio of the weight of the oven dry wood in a speci- 
men to the weight of water equal to the volume of the specimen at the 
time that it was tested. 

Static Bending. — This term is used to designate tests in strength 
as a beam, in wMch the load is applied slowly so that the conditions of 
tost correspond closely to those of static loading. 

jStrain. — Strain is the deformation or chaise of shape or sise produced 
in a material by the action of external forces. 

Stress. — The force exerted by the material of the test specimen 
in resistance to deformation is called stress. 

Tangential Bardness . — See Hardness. 

Tangential Shear.— See Shearing. 

Tangential Surface. — A plane section of wood in a direction tangential 
to the seasonal growth rings is called the tangential surface. 

Tangential Tension.— See Tensicm. 
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tenriM .*— 

T&ision Perp&idMdat to drain , — Thie in a test of tlie streo^li of 
wood in reBbtenoe to splitting when it is pulled apart in a direction at 
right to the grain. The test is conducted either 

(1) to iffodnce failure in a radial plane, (radial tension), or 

(2) to produce failure in a tangential plane, (tangential tension). 

Tcial Work.~Sce Work. 

fPofj —Tj^ork is the product of the force by the distance through 
which it acts, and is proportional to the area under the load deflection 


curve. 

(1) Work to Elastic !»»»*«.- - This is the amount of work per cubic 
inoh absorbed by the specimen in stressing it to its elastic limit. 

(2) Work to Maximum load.— This is the amount of work per cubic 
inoh absorvod by the specimen in stressing it to maximum load. 

(3) Total WofJk.— This is the amount of work per cubic inch absorbed 
by the specimen up to the completion of the test. 

The following abbreviations for the names of different provinces, 
etc., are used in Table No. 2 : — 


B. &0 

C. P. 
Syn. 

U. P. 

Comp. 

Perp. 


Bihar and Orissa. 
Central Provinces. 
Synonjun. 

United Provinces. 

Compression. 

Pei'pendicular. 
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Tma No. 3.-PHY8IOAL AND MECHANICAL PROPERTIES OF WOODS GROWN IN INDIA. 
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1 

Sti 

SmM 

No. 

SpeoiM. 

1 

Locality. 

dumber 

of 

trees. 

Season- 

mg. 

Eing 

per 

moh. 

^olusie 

at 

test. 

&m 111 









' 1 

2 

3 

4 

5 

6 

7 

jLl 

1 


Burma and Malabar 

14 

a 

A.R 

10 

•698 

sn 

1 

lai 

TornunAUa numu (black chufflam) » 

South Andaman 

5 

G. 

A.R 

« $ 

m 

>7S9 

■T# 1 

• ♦ i, 

132 

Terminalia paniculata \htiM) . • 

Nflamboi, (Madras) 

5 

Q. 

A,R 

9 

• 6 S 4 

703 

•743 1 

183 

Teraunalia pauloulafca (fctfKW) • • 

EaetKanara, (Bom- 
bay). 

5 

G. 

A. D. 

.. 

•688 

•688 

•716 1 

134 

Terminalia prooera (white bombmy) * 

North Andaman • 

6 

• 

0 

A.D. 

8 

•520 

*559 

M 1 

135 

Terminally ’ 

Pymmana, (Burma) 

5 

G. 

A, D. 

b 

•631 

MS 

•782 1 
• * 

136 

Teniiui|lia tomentosa (laurel) • • 

Ramnagar, (U. P ) . 

5 

G 

A.D. 

8 

•707 

m 

•«OT,'^ 

• ♦ 

137 

Terminalia tomentosa (laurel) • • 

Malabar, (Madras) . 

6 

G. 

A.D. 

-• 

•746 

M9 

•g«0 

.. (,d 

138 

Vateria indioa (wliapiiwy) 

North Mangalore, 
(Madras). 

t 

4 

G. 

A.D. 

- 

•m 

.m 

desi 

139 

Xylia dolabrifornua (pyiaicK^o) • 

1 

Thatrawaddy, 

(Burma). 

5 

G. 

A.D. 

0 

‘779 

•316 

•sesi 

m 

\ Xyliaxylooarpa(in»ft • 

, NotthKanura,(Bom' 
bay). 

5 

G. 

A.D. 

•• 

•715 

4M 

; ‘ml 



EXPLANATION OF FRONTISPIECE. 
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INVESTIGATIONS ON THE INFESTATION OF 
PERIDERMIUM HIMALAYENSE, BAGCHEE, ON 
PINVS LONGIFOUA, 

Part n. Cronartium himalayense, n. sp., on Swertia spp. 
Distribution, Morphology of the Parasite, Patholo" 
gical study of the Infection, Biological Relation" 
ship with the Pine Rust, and Control. 


BY 

K. BAGCHEE. D.Sc., D.l.C. (Lond.), 

Mycologist, Forest Research Insiitote, Vehra 

I. INTRODUCTION. 

In accordances with tlic idea that the hitherto unknown alternate 
stage of the blister rust of chir {Pmus lomjifolia, Roxb.) might be found 
at the close of the rainy season and within close proximity to the in- 
fected pine stands, a search was carried out in October 1927 to discover 
this stage. The outbreak of this disease which from early accounts 
appeared in sporadic form in some of the chir forests of Kumaon even- 
tually appeared as a typical wide-spread epidemic involving heavy 
loss in the young pine stands in the Kumaon and Garhwal Himalayas. 
Reports of its spread to virgin and healthy regeneration, both artificial 
and natural, have been frequently received since this investigation was 
taken up in the early part of 1927. 

From the previous field investigations, it appeared that the source 
of infection was, in all probability, not very far from the infected pine 
area. Some of the infected compartments stocked with young pine 
appeared quite isolated. In some of the areas the infected trees were 
separated from the nearest young and healthy growth by a compart- 
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meat Cfmtaatig^ « more advaaoed aad uaevea-^ged crop. OeomotuMy 
a zidge stodced adth pdes aad aiakize trees separated tim iafeoted Irom 
the uaiaieoted staada, while tiie xaviat^ which foXaied the aatoral hooa* 
dazy of tiie oompartaaeats were gea»ally grown with vpnoas broad* 
leaved species coasistmg mostly of Pieris omilifolia, Myrioa mgi, Pyrus 
ptukia, Oratagm oremdeUa, Bhus pmvifiora, Ro$a mmhata, Pvm app. aad 
others. 

la other areas, tracts of cultivated lead oftea bordered by a owed 
v^jetatioa of various species of semi-wild aad cultivated plants formed 
the boundary ci these pine forests stocked with saplings and pedes. 
Xhese species growing on the edge of the forests and cultivated lands 
varied from one area to another. 

The floor of the forest, on the other hand, was thickly covered by 
grasses, foms and annual herbs, some of which had grown up to 3 ft. 
in height after the monsoon rains. Here, again, the species of these 
anntial herbs varied from one area to another so much that even within 
the infected compartment any attempt to confine the search for the 
alternate host to a number of selected spedes which formed the so-called 
oonunon associates of chir forest was considered useless. Coiwequently, 
the proposal to restrict the search to a few selected species of broad- 
leaved trees outside the infected compartments was ultimately given 
up. 

It was decided to concentrate attention on one such isolated area 
and to make in it a thorough search on each and every species, without 
Tniitiaitig any, if possible, starting from within the compartment and 
giaduidly extending all round to a range of 200 yards. 

After having conducted a general search inside the infected compart- 
mmt it was considered well worth while to extend this to the ravines 
which demarcated these compartments. A list of species forming the 
associates of Pinus Unyifolia forests in Kumaon was also prepared. 
During the final search the broad-leaved species and ferns which formed 
the common associates of pine were carefully examined for such rusts 
that could tentatively be taken as the possible alternate stage of Pm- 
dermitm himtdoyense for inoculation experiments. 

The search was started in compartment 2 at Kaligadh block, Bauikhet, 
which appeared to be a specially suitable area for this purpose. 
Two foreign pines are present here, P. ponderosa and P. arizmioa which 
were sown by Mr. H. G. Champion, Silviculturist, Forest Research 
Institute. The majority of these plants about 60 in number are P. 
amomea which, like chir is also a 3-n^dled species ; all appeared healthy 
and none dying Hhe the adjoining c&tr. Ihe area all round this plot 
was well stocked with poles and mature trees and the nearest yonag 



tefsama^M ww «t a dutKooe oi about ^ a uaite iu c(Hupaxtmei|t„S. asd 
Ilk tbor away m ocaupartaoeat 8*, Those two Goaipartm<^ts ate 
separated Irma expetimeutal plot by a ridge which rises up to about 
3(^ It. or more and maiutams more or less advsooed pole stands from the 
slope tq» to the spur faoing the infected plot from the north-east, the 
gaoleral aapeet of Kaligadh being south-western. From the point of view 
of making a thorough search this isolated area was considered very 
SuitaUe. It was observed during the previous tour, in May and 
June 1927, that the fungus had killed about 60 per cent, of the saplings, 
the remaining yoimg plants appearing in a moribund condition and 
thmre being hardly any sapling which cjold be taken as free frcun in- 
fection. 

Field work was started in October 1927. The monsoon rains being 
just ov®, the floor of the forest was thickly covered with various tall 
grasses, ferns and other herbs with frequent bushes of barberry, Btfbus 
and CrakBffUS. In the ravine which formed the south-eastern boundary 
there were Myrim tutgi, Pyrus pashia, Ficus spp., Rosa moschaia, Pieris 
omUfolia and a few other broad-leaved species. Closely associated 
with the grasses and ferns there were also species of Swertia, of which 
S. akUa (Frontispiece) appeared to be the predominant one. These 
herbs appeared to be flourishing in this area and ^me of them has 
grown to a height about 2'-6''. The lower leaves, evidently the oldest, 
were noticed to be rotting, due to the attack of a rust fungus. 

On examination it was found that these leaves were heavily covered 
by a rust whose telial columns were projecting from the lower surface 
of the blade like feity outgrowths. The Weetiou on the leaves appeared 
to be in more or less roundish patches ^ to 1 of an inch in diameter and 
sometimes extending to almost the whole of tb(! under surface of the 
leaves. The colour of these patches varied from orange and rusty brown 
(uredosori) to a mixture of pale rusty and dark brown (teleutosori). 

Microscopic examination of the fungus in camp showed the rust to 
be a species of Cronartium, The uredostage in most of the leaves was 
almost over and the teleutocolumns were coming out from them. The 
smaU hair-like outgrowths which by their close association formed a 
feity mass on the leaves were really the innumerable teleutocolumns. 
The teleutospores were producing sporidia in profusion. The sporidia 
germinated in tpiog water, distilled water, and rain water and produced 
germ tubes in 12 hours. 


^ This fuQgtin haa since spiread to oompaHzxient 5 sad specisUy to compaitment 8 
whiols oontaini s large ankouat of yoong giowth on both sides of the spur. Infeoteil 
Swtrtk j^iants were oolleoted from the viomity of the dead pines and from the fire-Kne 
t|ke inspeetloii in Ootoher smd Koremher 1930. ^ 
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Tltii diseovery led to a farther seaich tihiough most of the mfected 
areas which were inspected dtujng tile previous stunmer and Sweriia 
plants with Cronartium infection were cpUected from the compart- 
ments ot in the nei^bourhood wherever Peridemmm had been observed 
on P. UmgifoUa dunng the summer. At the same time it wm also noted 
that this fungus was absent on Swertias in those blocks where the pine 
was yet free from infection. 

The exotic 3-needle pines, P. arizonioa and P. ponderosa which were 
growing side by side with P. Umgifolia, appeared to be entirely free from 
the attack of the stem rust. There was no other species of pine in the 
neighbourhood at Banikhet. Blue Pine (P. ex(^sa) is occasionally 
planted in gardens in such hill stations in India so a thorough search 
was made for it in the Chaubatia gardens and plantations and in private 
compounds in Banikhet in order to be quite certain that this infection 
on Swertia plants had not come from any stem Peridermium, other than 
Peridermium himalayense. But no such tree, not even a gmrden speci- 
men, could be found at Banikhet. About a dozen P. exodsa trees were 
noticed in the cantonment of Almora and 7 trees in Sitoli Forests, Almora. 
There was also a small plantation of P. exodsa in Banaik, China Bange, 
Naini Tal. These plantations were thoroughly examined during the 
previous tours, in May, June and July 1927, and were inspected again 
in the following November for stem infection. But so far as the stem- 
form of blister rust was concerned, they were free from this disease. 
From these considerations the Cronartium on Swertia appeared to be 
significant and it was therefore proposed to carry out a detailed in- 
vestigation to establish, by cross inoculation experiments, the biological 
relationship, if any, between the two forms. The result of this investi- 
gation is recorded in the following pages. 


II. DISTBIBUTION OF SWERTIA IN THE HIMALAYAN AND 
8UB-HIMALAYAN FOBESTS OF INDU. 

Swertia is a genus belonging to the family Gentianaceae. Some species 
ate annual herbs while others are perennial. They contain a bitter 
principle and one species in particular, Swertia chirata, is used practi- 
cally all over India as an indigenous medicine, more or less in the nature 
of a substitute for quinine, and is popularly known as “ chirata.” The 
decoction of this herb, especially of the leaves, is used as a preventive 
Cf malarial fever and in cases of liver complaints. Of the thirty 
qiecies described by Hiwker in the Flora of British, India (13), five 
species, all of, them sub-tcopical annual herbs, were eoUeoted from 
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the iofected and nniufected pine compartanents of the Ahuoia and 
Kaini Tal Diviuons. In general the Swertias have a wide distribution 
which extends from the tropical to the alpine Himalayas. Some species 
occur frequently in the sub-tropical regions on the foot hills of the 
Himalayas (3,000 ft.-6,000 ft.) and in the Bhabar and Tarai. They 
are very common in the temperate Himalaya (6,000 ft.-8,000 ft.) and also 
spread into the Alpine Himalaya (8,000 ft.-10,000 ft.). The genus 
extends from the Karakorum ranges to Kashmir, Nepal and Bhotan 
as far as the far eastern ranges of Assam. It also occurs in the Deccan 
Peninsula chiefly in the hiUs of south west India. 

The common species which the writer collected from the pine forests 
of Kumaon are the following: — 

(1) Swertia ariffustifolia (Plate III), 

(2) S. purpurescens, 

(3) S. cordata (Plate IV, Pig. 4), 

(4) S. data (Frontispiece and Plates 1 & II) and 

(5) 8. panicdala. 

Of these 8. angustifolia, 8, purpurescens and 8. cordata are present 
everywhere in these forests of Kumaon, while 8. data and 8. panicdata 
are less common. Their distribution in the pine forests, especially 
those of West Almora and Naini Tal Divisions, is generally localised. 
They form a rather dense growth in small shallow depressions just at 
the foot of a slope where water accumulates, or along the edge of the 
ravines covered by mosses and ferns but rarely in the ravine. They 
are sometimes found on nearly level ground and occasionally on the 
spurs of ridges. They may occur as small isolated colonies distributed 
over a huge area and when growing on the edge of the cliff, overhanging 
a low-graient slope they often appear as small colonies. The number 
of plants forming such colonies varies from a few to hundreds. They 
may occasionally grow interspersed with other annual herbs, when 
isolated groups of a few plants are foimd here and there. 


IIL FIELD STUDY OF INFECTION IN KUMAON AND GARHWAL 

FORESTS. 

(a) Distribution of various species of 8wertia in the infected pine 
/orssts and extent of Cronartmm infection . — ^During the course of this in- 
vestigation extensive areas of pine forests were searched in Kumaon 
for the alternate host of Peridemmm Janudayeme. The following 
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M<wVa in which thifl seandi was oondooted are desoiibed mi the extent 
of pine iofectaon indioated:— 


vision. 



JatsBsiigr oi 
infaotioa. 



1. Banikhet . 


2. Gautonment 
3« Dwarakat 


i. Almora 


5. * Dewaldhar 


6. Sozneswar 


7. Garkhet . 


8* China 


9. Bhowali . 


10. South Gaula 
U. Manora 


12. Pindar . 


13. Dhanpur « 


1. Kalkadh . 

2. Pad&li s 
3s GanaadAoli 

4. Cantonment 
5s Ohaithattia 

5. KaTOli 

7. Chiukargaon 

8. Manila . 

9s Kalimat . 

10. Baldhoti 

11. Sitoh 

12s SimtoJa s 

13. Ohitai 

14. Ohoxari . 

15. CSianmli . 

18. Pakhura . 

17s Matena 

18. Pharkanauli 

19. Janlkande 

20. Bhaalohiiia 

21. Gireohina . 

22. Haharpali 
23* Qaranath . 

24. Airadeo . 

25. Khajuri 
28. Pyakham . 

27. Ejiabdoli l^uth 

28. Maikot . 

29. Bajgaon . 


30. Benaik 

31. Bukha 

32. Niohna 

33. Bhovali . 

34. Ninglat 

35. Gagar 

38. Sat Xal . 

37. Maheshkhan 

38. Tani 

39. Patlot 

40. Loiehuaani 

41. Mongoli • 

42. Boinai 


43. Pindar-Par 

44. Fiadar-War 

45. BeoMxi • 

46. Blianpur . 
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E^bols ai pine infection :— 

****=svery heavy, 

•** =heavy, 

*• »moderate, 

* asjnst starting or having only a few saplings infected 
here and there, 
f sftee. 

It has already been mentioned in the introduction that Cro- 
nortnmt-infected Swertia was noted in all the pine infected areas and 
that whore the pine appeared free from the rust the Swertias were also 
free. 

The following list shows the distribution of various species of Stvertia 
in the above mmitioned blocks and the scale of Cronartium infection as 
based on field study : — 






Intensity 

Host. 

DivisUm. 

Eaage. 

Blooks. 

of 




infection. 

1. Sweriia alata, 

West Almora . 

Ranikhet 

Kahgadh 

***4i 

Roxb. 






Almora 

Pharkanauli . 

* 



Ihrarabat 

Chakargaon 



Naini Tal 

China . » 

Snkna, Nichna Be- 





naik. 




Bhowali 

Bhowali 





Ninglat . 





Gagar, Tanl . 

*** 


Garhwal . 

Pindar . 

Pindar-Par 

*** 



Bhanpur 

Dhanpur 

*** 

2. 8w§rtia im- 
giUtHfolia, Ham. 

West Almora « 

Xhearahat 

Chakargaon . , 



Almora 

Ralimatf Matena, 





Pakhnra. 

Chitai and Pharka- 

* 




nauli. 




Someswar 

Garanath, Airadeo, 





Kajnri. 

t 




Pyakham. 

* 



♦ Pewaldhar . 

Dewaldhar • • 
MaharpaU » • 
Bhaukhina 

t 

1 




Girechina « * 

Jattlkande « • 

I 
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Host. 

3HTis|o&. 

Eanga, 

Blocks. 

Intensity 

of 

inleotioii. 

2. Swertia on- 
gwi^dia^ Ham. 
— oowld. 

West Almora 

Kami Tal 

Garkhet 

Chida . * 

Khabdoli iSonth 

Snkha» N i o h n a , 
Benaik. 

*♦ 


Garkwal . 

Pindar • 

Pindar-Par and Beo- 
sarL 

ease 



Bhanpur 

Bhanpur « 

♦ass 

3. Swertiawrdaia, 
WaU. 

West Almora . 

Almora 

Kalimat, Matena • 



Someswar 

Garanath 

«• 



Bwarahat 

Manila . 

t 


Naini Tal 

China • 

Bukba, Niohna 



Qarhwal • 

Pindar » 

Pindar>Par> Beosari . 

♦a 

4. Smrtia pur- 
pureacenm. Wall. 

West Almora . 

Almora 

Kalimat, Sitoli» 

Matena, Pakhnra. 

t 



♦Bewaldhar . 

Janlkunde, Mahax* 
pali. 

t 



Someswar « 

Aredeo» Pyakham, 
Kajnxi. 

t 


Kaini Tal 

China . 

Sakha, N i c h n a , 
Benaik. 




Manora 

Mongolia Bn in si* 
Loichosani. 

t 



South Gaula . 

Patlot . 

t 



Bhowali • 

G a g a T , Bhowali, 
Tani, Ninglate 

t 


Garhwal . 

Pindar . 

Pindar-Par, Beosari, 
Pindar-War, 

t 

6. Sweriia pani- 
eulala, W^. 

West Almora « 

Almora 

Channaali, Ghorari, 
Sitoli, Matena. 

t 



* Bewaldhar « 

Maharpali • • 

t 


Kami Ta! • 

Bhowali 

Bhowali, Gagar, 

Tani, 

t 



China ^ 

Benaik, S u k h a , 
Kichna. 

t 


* N.B.-~Ihe Bewaldluvr lUnwe Ium recently bren ■.Ixdkibed and the bkwte •«» 
redjstiibuted^to Almore end QwkJiet lUnges, 
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Soette tf vf^eetiovk — 

(i) *•** — on leaves, stem, flower-stalk, capsules, oalTZ-lobes, 

Idiotically all over the green parts of the plant. 

(ii) **• — on leaves and stems. 

(iii) •* — ^moderate infection of leaves only. 

(iv) * — Jnst a few small patches on one or two leaves which 

appear on a few plants. 

(v) t — ^no infection whatsoever. 

From the above description of the diseased pine stands and the distri- 
bution of Swedia in the Eumaon and Garhwal chk forests it is reasonable 
to expect that in course of time this blister-rust will spread to those 
blocks which now appear to be free from this disease. The aeoidio- 
spores are carried a long distance by wind and other agencies and being 
protected by a thick wall they retain their viability for a considerable 
time. Infection of susceptible broad-leaved hosts is known to take 
place by such long-travelled spores under favourable atmospheric condi- 
tions. S. angustifdlia may therefore be regarded as a source of danger 
to the young regeneration in the area where it grows. In fact, 
it is difficult to say with any degree of certainty that the blister-rust 
is definitely absent from any block of chir forest in Kumaon and 
Garhwal. 

Towards the end of November it appeared that the Swertia plants 
were dying down. There was early frost all over these hills and snow 
fell on the China range and Benaik saddle by the middle of December. 
This change of weather perhaps brought the season of Swertia to an early 
close, but even then a careful search in the earlier part of December 
revealed the presence of the Crmartium fungus on the fallen leaves 
and leafless stems which were still to be seen here and there. By the end 
of December it was difficult to And any Swertia plants in the forests, 
the soft parts had completely decayed and only portions of their stems 
which were found standing here and there signifled their presence in these 
forests earlier in the season. 

(6) The distribution and aspect of the infected Swertia-firid with reference 
to the infected pines. — The distance of the infected pine stands from the 
colonies of Swertia plants bearing CronaHium infection, which are re- 
ferred to as “ Sv>ertia-fidds ” in the following pages, appeared to be a 
variable factor in different compartments. For instance, in Ealigadh 
compartment 2, Kanikhet, Swertia alata plants were interspersed with 
Ahe infected saplings and some of them growing at a distwce of one to 
three yards from the diseased pinai. The case with the Ealimnt com-* 
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partmeats 1 and 3 was dlSerent. S. mguA^oUa, the important fungoth 
bearing species in this block, was growing on a small level fidd and the 
heavily infected plots of pine were lyii^ on both sides of this Steertia- 
field at a distance of SO and 70 yards. There were cases of isolated 
infection of pines here and there below the two spurs facing compart- 
ment 1 from a north and north-easterly direction and these may be 
related to small colonies of infected 8. angust^dUa confuting of a few 
plants which were found in the close vicinity of the diseased pines. In 
the same range in the Baldhoti, Simtola, Fakura and Matena blocks 
S. angustifolia infected with Gromrtium was also noted in colonies con- 
sisting of 10-15 plants. They were growing within close range at a 
distance of 6-10 yards from the infected group of pine. 

The infected compartments of Ehabdoli South, Garkhet range, 
viz., 27, 28, 29 and SO, presented an mteresting case from this point of 
view. The compartments have a general south-westerly aspect. Over- 
looking comparlanents 27 and 28 and partly 80 from the northern side 
there is a long ridge with a number of depressions or furrows dividing 
it into 6 or 7 small peaks. The relative elevation of these peaks from 
the forest pth vari^ between 50 to 120 ft. This ridge is the water- 
shed between the Lahore and Gumti rivers and forms the fire-line 
separating the North and South Khabdoli blocks. Consequently it is 
burnt annually and is heavily grazed by cattle. Along this water-shed 
there were about 4 small fields teeming with Swertia angustifdia. These 
plants were heavily infected with Gromrtium. Proceeding along the 
forest path, which divides the compartment 27, a gradual increase in 
the percentage of pine infection from 2 per cent, to 5 per cent, approxi- 
mately was noticed, until a plot lying about the middle of compartment 
28 was reached. In this plot the mimbor of infected pines appeared to 
increase rather abruptly and the casualties were approximately 16 per 
cent. The situation of this plot was at a distance of about 30 yards 
in a south-easterly direction from one of the (Swertto-fields. The next 
plot which show^ a higher rate of mortality, approximately 22 per 
cent, was lying in a south-westerly direction and at a distance of about 
50 yards from another field of 8. anguaifdia. The most heavily in- 
fect^ pine plot in this block was recorded covering partly compartments 
28 and 80, i.e., on the northern boundary where these two compart- 
ments meet. The blister-rust had taken a heavy toll, for about 30 per 
cent, of the young regeneration had afready been killed and about 40 per 
cent, saplings beeuring the tscidial fructification of the rust were cUxsned 
and the rest appeared in a moribund condition. It was difficult to 
say if any of the apparently healthy saphngs were free from infectiom 
These tirees appear^ to have received infection from two fields of in* 
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feeted S* anymtifoUa, one situated on the southern spur at the temina- 
tion of the above-mentioned ridge and at a distance of about 66 yards 
fjfom the middle of this pine stand and the other at a distance of about 
80 yards from the same centre of disease. The young growth, conse- 
quently, appeared to be receiving infec tion of sporidia in a north-easteily 
direction from the first source and north-westerly direction from the 
second source, while the infection of Swertia might have taken place 
from the same seeidial source in the reverse direction, i.c., from a south- 
westerly and south-easterly direction. Another field of S. angvstifolia 
with a heavy Cronarlium infection was noted on a small flat lying between 
compartments 29 and 30, 

In the controlled-fire experimental plot of Phakranauli, Barechina 
block, Almora range, speciirnens of S. alata with Cronarlium fungus as 
well as S. purj/urescens without fimgus were collected from the plot D 
which is subjected to controlled burning twice and from plot C which is 
burnt every year under control. 

The isolated distribution of S. anffustifolia in the heavily infected 
diseased pine forests was observed in the Chakargaon plantation in 
Dwarahat range, West Almora. Several gaps (Plate V) had been 
formed in this block due to the heavy mortality of the saplings and 
attempts to re-stock them by occasional sowings in patches have so 
far failed. 

In Nichna block, Naini Tal division, Swertia-iieldB wdtli heavy in- 
fection of Cronarlium were noted on the fire line along a ridge on the 
north-western face of compartments 8 and 9, while in Sukha block the 
source of infection was seen to be spreafl all over the compartment. Tin* 
species which bore the Cromrhum stage were S. alula and S. corduta 
of which aS. alata had a heavy infection of the fungus. In the Gagar 
(Shamkhet), Bhowali and Ninglat blocks, Bhowali range, Naini Tal 
division, S, alata was the only species noted with this fungus and was 
similarly distributed as in the Kaligadh compartments, Ranikhet, and 
the Sukha blocks of the China range, Naini Tal. In the Gagai blocks 
a small field of S. alata was noted in a shallow' depression facing the 
pine- infected areii from a north-westerly direction. 

Ill the Qarhwal division, so far as was inspected, the distribution of 
Swertia hosts in Pindai-Par, compartment 27, appeared rather scattered 
and S'. akUa and S. atu/vslifolia wtfc the main species. The pines were 
growing on steep slopes with a more or less south-westerly aspect. The 
broad-leaved hosts were found here and there in shady depressions at 
the foot of over-hanging rocks and also on the fire-line. In the Deosaxi 
regeneration atea, compartment 11, the distribution of S. angustifolia 
was rather scattered, while in compartment 12 this species was noted 
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as small fields in the depression at the foot of the north-eastern ridge 
forming the fiie-line. 

The direction of the prevailing wind in Knmaon and Garhwal dming 
the months of June, July and August, $\e., prior to and during the 
monsoon, when dissemination of eecidiospores takes place, is south 
and south-easterly, while during October and November, when the 
pine infection takes place, the direction of the wind changes to north- 
westerly. The topography of the land causes local variations, such as 
in the Almora range proper which does not get the north wind directly 
during the autumn and winter as it is protected by the higher range of 
Binsar. But in general, the above observations explain the wind dis- 
semination of spores in those cases where the Swertia hosts appear in 
colonies either within or near the infected pine stands. In these forests 
the relation of two hosts with reference to direction or aspect is such 
as can be interpreted in the following lines. The wind borne cecidio- 
spores are carried from the pines by the south-easterly wind during the 
rains and infect the Swertia plants which are generally found on the 
north-western slopes of pine forests, while in October and November 
the sporidia are canied from the SweHia to the j)ines by the north- 
westerly wind then prevailing. Where the Swertia plants are inter- 
spersed with the infected pines the infection takes place at close range, 
dissemination of spores taking place during the calmer weather helped 
by any slight breeze. 

(c) The relation between the dissemination of acidiosfores and the 
ajypearance of the uredlostage on Swertia.— A great deal of time was de- 
voted to the study in the field of the relation between two important 
facts in the history of this disease, viz., the gradual disappearance of the 
seoidial stage in late summer and early rains and the subsequent appear- 
ance of the uredostage on the Swertia host. The data available in 
course of the field study in June and July 1928 very strongly suggested 
the possible inter-relation of the two forms of the fungus—the SBcidial 
stage on Finns longifoha described previously as Peridermium Uma- 
hyense and the Cronartium fungus on Swertia discovered in October 
1927. The meteorological data available are unfortunately rather 
scanty in these ranges where pine infection had been studied, con- 
sequently the writer has had to depend on the reports from the stations 
where such data are kept. On receiving information that the monsoon 
had started on these hills the writer left Dehra Dun on the 7th Jtme 
1928 and went to these forests but found on arrival there that though 
the early monsoon showers had fallen proper monsoon conditions had 
not set in. There had been, in fact, several showers between the 4th 
ucl Kill Jiro. Turn lie ti‘tl t of the 51h till the 10th it h^d rained 
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lai^er heavily at Eanikfaet and Almora bnt this was broken by a dry 
period of about 2 weeks. 

The inspection of Kaligadh compartment, Banikhet, at the end of 
June showed that 17 saplings of pine had already shed all their sporea. 
The secidial sori had discharged the spores and the disintegrated peridia 
ware partially eaten by insects. Bleached spores were, however, traced 
all over the crevices of the bark of the dead trees and a large number 
of spores were found lodged inside the bark in which the sori are ge- 
nerally embedded and in the base of the small pockets formed by the 
sori. These spores were mostly covered by the excreta of insects and to 
a great extent by exuded resin. When the resin covering was removed 
carefully it was found that some of these plastered up spores had retained 
their orange colouring and perhaps their viability. These were undoubt- 
edly the spores from the early summer fructifications. There were 11 
saplings just dying ; they bore a large number of yellow pustules which 
could be seen frbm a short distance. A closer examination of these 
specimens showed that though the early monsoon showers had disinte- 
grated about 60 per cent, of the sori and had dislodged most of the 
spores from these sori, at least 16 per cent, of the fruit bodies still had 
the peridium intact. These dislodged spores, carried by rain, were 
deposited on the bark and appeared as streaks of orange-yellow all round 
the stems of the infected saplings, down to the base of the tree. The 
ground at the base of the tree was in some cases dusted with the orange- 
yellow spores. The sheaths and leaf blades of several species of grasses 
and the lower branches and leaves of dicotyledonous species growing close 
by the infected pines were also dusted with spores. Swertia was 
not noticed in Kaligadh compartment just at this time. 

On the 2nd July, the Ealimat plantations, Almora, which are about 
15 miles south-east of Ranikhet as the crow flies, were inspected. By 
that time three more moderate showers had fallen. In this area about 
80 per cent, of the infected saplings, some of which had already died 
and others showing signs of dying were devoid of the secidial pustules, 
the peridia having disintegrated and s})ores washed away. These 
trees presented the same pathological features as those of the Kaligadh 
compartment already described. The remaining 20 per cent, of the in- 
fected saplings which also appeared in a moribund state had a large 
number of these pustules in an unopened condition. But in cases where 
the peridium had become disintegrated and the spores discharged, a 
careful examination showed the sori to have retained a large number 
of spores apparently in a viable condition. Also a large number of spores 
lodged in the crevices of the bark of such infected saplings appeared 
gs orange coloured streaks bU over the stems, 
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The gradtial progress of spore dissemination was studied for aQoth<a 
three weeks during which rain fell in intermittent showers, till finally 
the monsoon broke and the writer was fully convinced that even though 
some ccmtinuous and heavy showers had fallen for sometime, it would 
be possible to detect by the end of August a large number ol spores in 
an apparently viable condition at the base of the pustules. These spores 
would germinate by the end of July if favourable atmospheric condi- 
tions. i.e., low temperature and humidity, prevailed. These are the 
conditions, as verified by inoculations in the following year, which are 
suited f<ff natural infection. The dense mist which hangs over the forests 
in the later part of monsoon and cuts off the intensity of sunlight feu 
hours and at the same time keeps the surface of the leaves of the Sweriia 
hosts well sprayed with moisture is an important factor which favours 
the infection of this rust. By the third week of June S. anguttifdia 
was noticed in Kahmat and by the Ist week of July S. alata was observed 
at Kaligadh. By the end of July Swertia plants had come out all ov<» 
these forests in Kumaon. 

Simultaneously with the gradual disappearance of the secidial stage 
the appearance of the uredostage was noted. The first case of undoubted 
infection of the leaf of S. cordata was seen on the 4th July and that of 
8. angustifoUa on the 6th July at Kalimat, Almora. By the middle of 
July as one got accustomed to it numerous cases of leaf infection were 
noticed. The pale spots on the leaf blades gradually extended and 
became raised and ultimately developed into uredosori This change 
was easily observed on 8. avgvMifolia which was the most susceptible 
of the three species growing in Kalimat. After this the writer left the 
forests and the subsequent events of the succession of the uredo and 
telutostages were studied from specimens of infected Swertia received 
from the field weekly. The first teleutosori on 8. angustifolia were 
noted from specimens collected by the middle of August. Specimens 
of 8. alata showing the uredostage were received by the middle of July 
and these showing the teleutostage about the end of August. 

IV. MOEPHOLOGY OF CRON ASTI VM HIMALAYENSE 

sp. nov. 

(a) The uredostage . — The uredosori appear on the under-surface of 
the leaves as irregularly distributed round or circular patches, and 
finally spread on to the stems and calyces as close colonies of an orange- 
yellow to rusty yellow colour. They are IBO to 200 in diameter, 
and dehisce by a central pore which opens at the stomatal region at first 
hut this opening gradually extends outwards owing to the pressure of 
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tbe iiuaMaed siKHre-foittation, aod, t» uredosporw mtoro, tbs 
p«aeidiuimisl(»ofidupmtotibedoiue (Plate Xl, Fifs. 1, % 3 and Plate 
Xn, Figs. 1 and 2), resolting in the loss of the outline and regular shape 
<d the peridial oelk which become flattened and almost indistinguish* 
able ; peiidium evanescent, delicate, colourlese, cells elongated to obovmd 
16’6xl3'd (A to 23'5xl8’6 (i ; uredospores orange-yellow in mass, 
ovoid or ellipsoid, 18-8xU'8 (x to 26-5 x 18*5 (x , averaging 22*5 X 
I6<5 (X, wall light yellow to light orange, 2 to 3 {x thick, sparsely and 
sharply pointed (Plate XVI, 6o and 66). The uredospores were 
collected from the mature uredosori and were removed from the under- 
sorhtce of the leaves by a fine brush and were examined while fresh from 
day to day in glycerine water. The average was taken from 1,200 
measurements from 3 sets of spores, the larger, the medium and the 
smaller set, each set consisting of 400 spores. 

(6) The tdeutostage. — The teleutosori arise either from old uredosori 
or as entirely new and separate entities (Plate XIII, fi^. 1 and 2 and 
Plates XIV and XV). In the former case the teleutocolurans are first 
produced from the central part of the uredo-sori and are surrounded 
by a region of cells which consists of disintegrated uredosori (Plate 
XIII, fig. 1). In the later case the development of the teleutocolumns 
starts from the central mass of hyphse growing in the sub-stomatal 
vesicle of the infected leaves (Plate XIII, tig. 2). As the spore column 
lengthens the peridium is pushed up into a dome, which later on rup- 
tures and goes to p.eces. The fully developed mature spore columns 
appear as curved hairy growths on the under-surface of the leaves and 
finally on the stems and other green parts of the plant (Frontispiece, 
Plates I, 11, 111 and IV). They have a walnut brown colour, size 450 
X 60 {X to 800 x 86 [X, average length 750 jx and thickness 80 (x ; spores 
light brown cylindrical to polyhedral or occasionally spindle-shaped 
(Plates XIII, XIV and XV). The teleutospores may touch one another, 
sometimes abutting on their neighbours, or they may be interspaced, 
comers rounded or obtuse at both ends, 27*2 x 12-6 (x to 39'6x 18*5 (x , 
wall smooth, thickness -08 to 2*5 {x. The spores mature from the centre 
outwards as noted by Ck>lley ( 1 1 ) in the case of Cromrtium r^noola. Most 
often those of the middle region germinate earlier than those forming 
the tip of the column. Sporiia delicate hyalme, globoid, 6-5 to 6-5 {x, 
germinating easily and producing germ-tubes (Plate XVI, figs. 5A, B and 
C) in 8 to 12 hours. 

(c) Suooession of uredo and tdeuiostages.^Duxiag the past three years 
of actual fidd study, the data for this line oi investigation were collected 
from the experimental area at Xaligadh forest block, Banikhet. The 
forests in this area being surrounded by hills on ail sides retain sufficient 
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moisture to keep the herbeoeous Swertia host alive longer and being 
also sheltered from the north they keep warm till late autumn. IMs 
area therefore appeared very suitable for this purpose. 

As in Cronartium ribicola, so with this fungus, there is generally 
a successive series of uredospore productions which are again followed 
by a similar series of teleutospore crops. In 1927 when this fungus 
was first noticed in Kaligadh seven series of uredospore crops were 
counted. This was succeeded by a mixed crop of both uredo and teleu- 
tospores till the end of October. In 1928 the succession of pure uredo- 
crops came to an end by the 2nd week of August and there were about 3 
series of crops of this stage. In 1929 about 6 series of uredospore crops 
were noticed. From the point of view of weather conditions as will be 
shown in a succeeding chapter, the years 1927 and 1929 were favourable 
for the natural infection of Swertia. A pure uredostage is generally 
of short duration and terminates by the end of August or even earlier 
depending on the weather conditions. The uredostage may there- 
fore be regarded as the repeating phase in the life cycle of the fungus 
the infection being carried from the infected to the umnteciecl leaves of 
the same species or of different species if me species is a susceptible one, 
till the warm summer condition changes. 

As compared with the uredosori, the teleutosori are produced in 
relatively greater abundance with each succeeding generation. Up 
to six distinct waves of teleutospore crops were counted in 1927 and 
about three crops in 1928, while in 1929 four series of this crop were 
noticed in Kaligadh forest block, Ranikhet (Plate I). 

The teleutospores germinate and produce at first a knobby out- 
growth, the young promycelium, while attached to the leaves and other 
green parts of Swertia plants (Plate XVI, Fig. 1). In the course of 
further development this structure divides twice and ultimately produces 
a four-celled promycelium (Plate XVI, Fig. 2). Each cell of the proinj'- 
celium germinates and produces an elongated structure, the sterigma, 
bearing a sporidiura at the tip. The sporidia, when mature, are dis- 
charged and the promycehum collapses (Plate XVI, Fig. 3). The 
sporidia germinate frequently when moist weather prevails. If teleuto- 
columns are collected during a wet morning and examined under a 
microscope, one can easily observe mature sporidia germinating and 
sticking to the teleutocolumns. They can be germinated easily in a 
moist-chamber slide and successive stages in the development of germ- 
tube may be seen (Plate XVI, Figs. 6 A, B and C). 

(d) Technical description of the fungus. —Cronartium himdayense 
sp. nov ; synonyms, Uredo ophdioB Sydow (27), Peridermiwn oomplainatum, 
var. corticola, Barclay (5), Perid&rmium himalayeme, Bagohee (3),— 
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Pycnidia oaiJicoIouB, under phellodenu, tunull, iaconspicuoua, 
scattered, fonuiog minute blister-like snrellings, exudation orange-yellow, 
mixed with resin or sweet fluid ; spores hyaline, colourless when single, 
light yellow in mass, ovoid to ellipsoid, averaging 4-2x2’6 (a, 

I. Aeoidia caulicolous, large, prominent, usually separate sori, on 
small branches elongated or short protuberatiug sacs, on trunks of trees 
occasionally confluent, 4 to 12 mm. long with 2 to 6 mm. diameter 
colour orange-yellow ; spores orange-yellow, obovoid to elliptical, 
averaging 24*7 X 17-4 {i, outer wall coarsely verrucose, epispore (including 
tubercules) measured from end view 3 to 3'76 (x, measured from side 
view 8'6 to 4‘6 (x, peridia thick, persistent, multi-layered, 3 to 4-celled, 
ridged and furrowed on the top and finely grooved laterally, rupture 
by irregular fission along the lines of grooves and at right angles to them 
or by irregular cracks on the top of the dome, long and short dimen- 
sions measured from the middle of fuUy developed peridia averaging 
27*9 X 18-2 [X, external wall of the outermost peridial cell including 
tubercles 5'2 (x ; filamentous outgrowths from the inner wall of the peri- 
dium, length 2 to 4*5 mm. 

On Pirnts longifoUa. 

II. Uredosori hypophyllous, spreading on to the stem and other green 
parts, scattered to sub-gregarious, hemispherical, colour orange-yellow 
to rusty-yellow, 150 to 200 (x in diameter, dehiscent by a central pore 
which opens from the stomatal region at first and finally extends out- 
wards ; peridium evanescent, delicate almost indistinguishable in mature 
son, cells elongatetl to obovoid averaging 20*5 x 14'5 (x ; spores orange- 
yellow in mass, ovoid or ellipsoid, averaging 22-5 xl 6-5 (x, wall light 
yellow to light orange, 2 to 3 [x thick, sparsely and sharply pointed. 

III. Tele.ulosori hypophyllous, finally spreading on to stem and all 
green parts of plants, cylindric, 750 [x long, 80 (x thick, colour walnut 
brown ; spores light brown, cylindrical to polyhedral or occasionally 
spindle-shaped, corners rounded or obtuse at both ends, averaging 37*6 X 
18*6 [X, wall smooth, thickness -08 to 2-5 (X ; sporidia delicate, hyaline, 
globoid, 5‘5 to 6-5 (x. 

On Swertia spp. 

Swertia akUa, Roxb. West Almora, East Almora, Naini Tal, Garhwal 
and Chakrata divisions and the Mussoorie hills. 

Hwertia angustifolia, Ham. West Almora, East Almora, Naini 
Tal and Garhwal divisions and the Mussoorie hills. 

Swertia cordcUa, Wall. West Almora, Naini Tal, Garhwal and 
Bashahr divisions and the Mussoorie hills. 

The uredostage of this fungus was previously described by Sydow (27> 
as Uredo ophdiw. The genus Ophdia (of the family Oentianaoeae) has 
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been reduced to a sub-genus of Swertia (IS). The complete etagee of 
the fungus or its biological relationship with the pine rust have not been 
deeoribed before. It is therefore proposed to rename it OromrHum 
himaiayeme sp. nov. to be in uniformity with the seoidial stage which has 
been described as Peridernmm himdayetm (3). 


V. BXPEEIMENTS ON GERMINATION OF SWERTIA SEEDS. 

The five species of Swcrtio which have lieen dealt with in this investiga- 
tion have already been described as annual herbs. They appear in the 
forests during the early monsoon and die off entirely by the end of autumn 
or early winter according to the aspect and locality in which they grow, 
leaving their seeds in the grass and on the moss covered floor of the 
pine forest to re-appear next season when conditions become suitable 
for germination. For the purpose of cross inoculation experiments it 
was considered essential that the plants should be grown under control 
in a place far from the infected pine stands. The seeds were collected 
from various ranges of Almora and Naini Tal divisions and from as many 
compartments as possible, both from infected plants and from uninfected 
plants, and they were put in separate bottles. The size of the seeds 
varies. They are very small, approximately 1 n[im.xi 

The places selected for these experiments in 1928 were Dehra Dun 
(elevation 2,000 — 2,200 ft.) under semi-tropical conditions and Mussoorie 
(elevation 6,000 — 7,000 ft.) under temperate conditions. This latter 
place is 22 miles from Dehra Dun and vithin easy reach by motor-road. 
The first sowing of seeds was done on the 6th February in fine washed 
sand moistened with (i) distilled watet, (ii) Knop’s solution | and (iii) J 
strength, and (iv) in ordinary tap water. On the same day a second 
set of sowing was done in (v) a mixture of leaf mould and fine garden soil 
and (vi) in leaf mould and fine washed sand mixtures. There were two 
sets of each medium, one set was taken to Mussoorie and the other left 
at Dehra Dun. The sowings were repeated again at intervals of two 
weeks till the 6th of April, each time all the above media being used, 
and the result was awaited. There was no germination at all. 

The second attempt to germinate the seeds was made about the middle 
of May and as before the experiments were repeated using all the above 
media. This time about 2 per cent of the seeds germinated but all of 
them perished due to heat and dry weather prevailing at both the 
stations. 

The third attempt was made about the middle of June and this time 
about 3 per cent of the seeds germinated. Those at Dehra Dun pmdied 
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diM to tbe heat and diy weather w;h«?eas a lot at Mtueoorie snrvived but 
t«oi»Qed in rety poor otmdition. 

The fourth set was sown three weeks later, oa the lOth July, and tins 
tisae soil &(Ha the forest of Almora and Ranikhet was used for the culture. 
The result was still better and about 6 per cent of the seeds germinated. 
It took about 16 days for the maximum number of seeds to germinate. By 
this time there were several showers which brought down the tempera - 
turn and humid conditions prevailed. The seedlings survived, but their 
growth was very poor and the seedlings maintained only 2 pairs of leaves 
throughout their life. Those sown at Mussoorie started germination by 
the middle of June. Germination was however poor and the seedlii^ 
remained in a dwarf form with only 2 pairs of leaves. An attempt was 
made to inoculate them, but they soon perished naturally. 

While the above experiments were in progress field observations 
were made to note the time when Swertia appear in the forests. In- 
spection at Kalimat showed that by the end of June the Swertia seedlings 
had just come out and that S. cordata and S. purpmescem were the two 
species wliich appeared early iu the Wiason. They were growing in amnll 
shallow depressions covered with moss and in places where some ammin t 
of moisture had been retained. There was no germination on the ridges 
and slopes even then. After a careful search all over the compartments 
for four days, from 28th June till 2nd July, the writer collected 27 seed- 
lings of S. cordata about } inch to 3 inches high and 36 seedlings of S, 
purpurescens 1 inch to 6 inches high. 8. angustifoha was noticed one 
week later. By the third week of July all the three species came out 
profusely and they gradually covered the places where they were recorded 
during the month of October in the previous year. 

In Kaligadh, Ranikhet, a few seedlings of S. akUa were noticed by 
the second week of July and a good many of them were visible within a 
fortnight after. The year under consideration was abnormally dry 
and the monsoon was later by about 10 days than is usual in the 
Kumaon hills. By the first week of July the monsoon started in full 
swing. The rain continued for days with occasional breaks, sometimes 
a heav}' downpour being followed by a drizzle, a phenomenon common 
during these rains. The atmosphere was saturated with moisture anH 
during the interval when the rain stopped mist and fog covered the 
vegetation. This kind of weather continued practically till the end of 
August. 

It appears b:om the above experiments that there is a long 
post-maturing period for these seeds and that of the seeds that are 
produced hardly 7 per cent germinate in nature, the rest being sterile. 
These facts were fiirtiier suppcorted when the germination experiments 
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were repeated the aext year in Ahnora and when attempts were made to 
raise the SweHia plants fox inoculation experiments in the locality where 
they naturally grew. 

in the following year, 1929, the 5 species of Svmtia common in the 
pine forests of Kumaon, as mentioned previously, were raised artificially* 
From the experience of the previous year’s field observations and germina- 
tion experiments, it was known that the earKest crops of Swertia 
’ were found growing through moss beds in shallow depressions of the 
forests and that the moisture for such process was supplied by the occa- 
sional light showers of early June and the heavy night dew which falls 
on the hills in the summer months* A different method was therefore 
adopted for germination experiments in the following year* The place 
selected for this purpose was in the compound of Circuit House, Almora, 
which is about 2 miles from the infected pine stands of Kalimat. Small 
seed beds were made with a slightly shallow depression and a thin dressing 
of moss covering was given to these beds to simulate the natural beds of 
the forests but they were not watered at all. At the same time germina- 
tion boxes filled up with the soil of the forests and treated with the 
moss-dressings in a similar way were set up. The boxes were watered 
twice daily from the Ist May till the middle of June when the early 
showers of the monsoon had fallen. This was done to force if possible 
early germination. Profuse germination in the boxes was noticed 10 days 
later. The moss cover not only helped germination but also supplied 
the necessary moisture to further the growth of the young seedlings* 
Of the five species, S, purpurescens, S, cordata and S, panietdata ger- 
minated well and grew to the proper size in the time calculated for inocula- 
tion experiments. But S. alala and S. angmtifolia made very slow 
progress after germination. They appeared to be about 4 weeks behind 
the time they naturally come out in the forests, i,e., when the seedlings 
in the forests were about 3 to 9 inches with 12 to 20 pairs of leaves, the 
artificially raised plants were only 2 to 4 inches and with 4 to 6 pairs of 
leaves. While the seeds which were sown in the beds were still later in 
germinating. They were just visible by the 7th of July* The monsoon 
rains started a little early that year and the Swertia plants appeared in 
the field about the 10th of June and by the end of the month some of 
them grew 3 to 6 inches in height. For the purpose of inoculation experi- 
ments the writer had to depend on a supply of S. alcUa from the forests. 

VI. INOOaJATlON EXPERIMENTS OF FEMDERMWM HIMA- 
LAYEN8E ON SWERTIA . 

(a) Methods of inoculating Swertia , — ^After two years of trial when 
the ascidiosporc of Peridermium himalayense was successfully germinated 
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(Plate XVI, figs* # and 4^) and the approximate conditions of moisture 
and temperature ware known, it was finally decided to conduct inocula- 
tion experiments to prove the biological relationship of the two forms* 

inoculations were done on the above-mentioned five Kumaon species 
of Swrniia and the seedlings were selected, except in case of S, alMa, from 
those grown in the compound of the Circuit House Bungalow, Almora, 
which is about 2 miles direct from the nearest infected pine area known, 
viz.f Kalimat. The seedlings of S, alata were transplanted from the 
forests of Barechina, and were kept under observation for 3 weeks. When 
they were established well in pots, they were again kept inside the inocula- 
tion chambers for another week and were afterwards used for experimental 
purposes. 

Air-controlled chambers of size 3x2x2 ft. with glass panels and a 
small door to introduce the potted seedlings were constructed to conduct 
these experiments. Each chamber had a small hinged trap-door on the 
top panel, made of a fine-meshed wire-gauze. During each experiment 
a layer of sterilized gauze cotton wadding w as placed on this wire-gauze, 
so that when this fly-panol was left open only air free from any spores in 
suspension could enter the chamber. Each chamber was completely 
covered from the top to bottom with a linen covering. A wash basin 
filled with w’ater was phujed on the top of tlie chamber and one end of 
the linen covering was di])pe(l in the basin. The water flowing down the 
hnen-tent, kept the glass panels wet and reduced the temperature inside 
the inoculation chambers. The basins were fiUed up with water once 
every 2 to 3 hours during the day and 3 to 4 hours during the night, 
depending on the surface evaporation. The effect of this contrivance 
was two-fold ; — a safe-guard from natural infection by entry of spores 
in the air ; and secondly, it worked like Hunt's iceless refrigerator (15) 
ill bringing down the temperature of the chamber considerably. By this 
method an average of about 4^^ below the outside shade temperature 
was obtained. In fact, during the subsequent inoculation experiments 
with uredospore, the glass-chambers not being portable in these hills 
were discarded and rectangular wooden frames were used instead 
as supports for the wash-basin and the linen covers. This had the 
advantage of cooling as well as of keeping the air inside saturated with 
moisture, though not a safe device for accidental infection of spores in 
air suspension. In the former case another small basin filled with 
sterilised water was placed inside the chamber and a “ flit-sprayer " was 
used at regular intervals for spraying the plants with sterilised rain- 
water. 

The chambers were first disinfected with formalin vapour for 24 
hours after which the top of the fly-door was opened and the chamber 
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wa8 kept in direct etinliglit for 6 hours. The ehamheors were teken in^ 
doors and the Swertm pots were introduced. The chambers for inoculated 
plants were kept in one room while those containing the control plants 
were placed in another room at the furthest end of the house. Bach set 
consisted of 3 pots and each pot with 3 seedlings for the inoculated sets 
and one pot for the control. They were kept inside the chamber for 24, 
36, 48 and 72 hours. At the termination of the experiments some of the 
inoculated plants were taken to and isolated at the Divisional Forest 
OfiSoer’s bungalow, West Almora, at a distance of about 4 furlongs, 
while others were isolated in a closed bathroom of the Circuit House and 
the controls were placed in the verandah situated in the furthest wing 
from it. The chambers were disinfected and aired as before and the 
next set was placed inside after two days. 

The inoculating material (ascidial sori) was collected at different 
dates on sunny days when the moisture on the trees had dried up and 
was always kept under dry conditions in stoppered vials ; the vials 
were stor^ in a refrigerator or in cool shady places under trees under the 
various conditions described subsequently under germination and long- 
evity teats of spores. Inoculations with aecidiosporea were done by the 
following methods as described by Spaulding, Hahn, York and others 
(24, 14, 32), 

(i) The peridia were torn apart and the spores were dropped in 
rain water on a watch-glass and the Swertia leaves were 
dipped in this mixture giving as thorough and uniform a 
covering of the inoculum on the lower surface of the leaves 
as possible. 

(ii) A mixture of tlie spores in rain water was sprayed on the 

leaves by an atomiser. 

(iii) A mixture of the spores in rain water was painted on the lower 

surface of the leaves with a brush. 

(iv) A mixture of inoculum and rain water was painted on the 

under-surface of the leaves with lancet-needles, scalpels, etc. 

(v) The leaves were sprayed with rain water and a pine twig with 

open pustules was shaken inside the chamber, giving thereby 
a shower of spore dust. 

(vi) Infected twigs with open pustules were placed inside the 

inoculation chamber, without shaking, with the Swertia 
plants sprayed previously with rain water. 

(vii) Spores were germinated in rain water on moist chamber slides 
and were removed with a fine brush and the inoculum was 
painted on the under-surface of the Swertia leaves previously 
sprayed with rain water. 
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Ilie m^o(b (i), (ii), (iii) (v) Al^p^red voy effective, 
a liberal amoust of sfknres wj)s required for sacb experiments. Bat 
ibose plants wbicb were given a very heavy dose of inoculum died off 
soon after producing uxedosori while others with a slightly smaller dose 
remained in a moribund condition for some time and the leaves were 
killed soon after the appearance of the uredostage, the plants ultimately 
dying off. But those leaves which had a moderate amount of inoculating 
material developed the uredostage earlier and survived till tlie teleuto- 
stage appeared between Sept«uabor and October. 

Tlw Petri dish method of inoculating Swertia leaves, as suggested 
by Clinton and McCormick (9) was also tried but did not prove successful ; 
tlie leaves of Swertia being very delicate, they withered away as soon as 
they were removed from the stem. 

As noted by the European investigators on Cronartium ribicola (8, 
9, 10, 11, 12, l4 16, 17, 24, 26) only the leaves of moderate development 
took infection, those that were too young or too old did not produce 
uredosori. It was particularly noticed that the pair of cotyledonary 
leaves and two pairs of leaves following them and also those forming 
unopened or newly opened leaves appeared immune under all conditions 
while the experiments were being carried out. Tliese facts were also 
corroborated by those of the naturally infected Swertia leaves during 
the field investigations. 

While the above experiments on the intKulation of the aecidiospores 
were being carried on indoors, similar though not so completely con- 
trolled experiments were also being conducted at tlie same time in the 
field by placing potted seedlings of Swertia close to the hcavily-iufeeted 
pine discharging spores. Controlled plants previously covered by 
incubation chambers were transported to and maintained in the forests. 
These chambers were placed near the same infected tree along with 
potted plants which were exposed to infection and at an equal distance. 
This experiment was done in the infected plantation of Kalimat, Almora. 
At Dinapani Forest Rest House, an infected sapling with numerous 
eecidial sori in open condition was cut at the collar and was planted in a 
pot. The potted seedUngs of Swertia were placed near this pine branch 
and tlie control plants in the chamber as in the previous case. Successful 
infection of Swertia was {noduced in both cases on the Swertia plants 
thus exposed while the control plants were free. 

The uredospores genninated freely in rain water, spring water and 
distilled water (Plate XVI, figs. 6* and 6^). The most successful method 
of uredospoie inoculation was by nibbing the uninfected Swertia leaves 
previously sprayed with rain water against leaves well covered with 
viable spcffes. The uredo inooulations were done out of doors and 
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without the help of an inoculaticai ohambei^, in August 1928, at Mussoorie, 
with successful results. In 1929 this experiment was repeated and 
inoculations on Swertia were done inside the chambers under controlled 
conditions at Almora, from the 28th June onwards when inoculating 
material was not so profuse and within two weeks a series of uredosori 
was produced. Again in October, in the same year, when profuse uredo- 
spores were available, further inoculation of Stoertw with this kind of 
spore was done at Banikhet under linen moisture chambers of the type 
doscribed above. This time also the writer succeeded in repeating the 
uredostage as transition-sori, which soon passed over to the teleutostage 
as the temperature came down. 

(6) Factors controlling successful inoculations . — The factors primarily 
responsible for successful inoculation may be grouped under four headings, 
viz., (i) humidity, (ii) temperature, (iii) light and (iv) condition of the 
leaves of the Swertia host at the time of inoculation. 

(i) A high relative humidity close to saturation point was main- 

tained throughout the infection period. The plants wwe 
finely sprayed with rain water with a “ flit-sprayer " before 
they were placed within the inoculation chambers. They 
were frequently sprayed at the interval of one hour with 
sterilised rain water and a flat dish containing sterilised 
water was also put inside the chamber. After the inoculated 
plants were removed from the chamber they were placed 
inside a closed bathroom with sufficient moisture about, and 
sprayed frequently with rain water. The watering was 
sufficient to carry the infected plants to the sporulating stage. 

(ii) Inoculations were done when the temperature of the incuba- 

tion chamber was maintained between 60°-64° F. A con- 
tinuous flow of water from the water basin on the top of the 
chamber over the wet tent-like cloth covering kept the plants 
within at a reduced temperature due to surface evaporation. 

(iii) The maximum amount of infection was produced when the 

chambers were kept in the shade. From the point of view 
of reducing temperature a weak and diflused sunlight with 
sufficient air currents which helped in increasing surface 
evaporation seemed essential. When the plants were re- 
moved from the inoculation chamber, some sunlight through 
the glass panes of the ventilator proved helpful in bringing 
the incubation period to the minimum, but the complete 
absence of sunlight on the other hand was a favourable factor 
for the formation of mildew, which at times was v®cy trouble- 
some, as mildewed leaves rarely became infected. 
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(iv) The age of the leaves inoculated is an important factor on 
which successful inoculation depends. For this purpose 
freshly developed, fully expanded and unhardened leaves 
were selected. The plants inoculated were mostly seedlings 
with 8 to 20 pairs of leaves. Naturally, one has here again 
to guard against inoculating too young or too mature leaves. 
The choice was therefore limited. Most often two lower 
pairs and four upper pairs of leaves were left and those of 
medium development were inoculated. As the stomata of the 
leaves are the channels of entry of the fungus, flaccid leaves, 
or leaves which were injured were cut off, also plants which 
did not fully recover from wilting due to transplanting were 
rejected. 

VII. PATHOLOGICAL STUDY OF INFECTION. 

(a) Penetration and' histology of infection . — The writer had entirely 
to rely on histological methods for the study of the penetration of the 
rust in Swertia leaves. Direct microscopic observation of the inoculated 
leaves was of no practical use for this purpose. The material was flxed 
from the inoculated specimens which were fortunately plentiful. The 
infection was apparent on the two smceptible species of Swertia within 
8 days after inoculation. Consequently as the experiment proceeded the 
material was pickled at an ini g val of two days and the various stages 
from penetration up to the de-r^lopment of mature uredo and teleiitosori 
were studied. 

For the purpose of histological studies, material flxed in a chromo- 
acetic solution of medium strength, acetic-alcohol and formol-alcohol 
according to Colley’s formula being used. Chromo-acetic of medium 
strength proved quite satisfactory. The material was passed through 
various grades of alcohol, cleared in cedar- wood oil and embedded in 
paraffin. The sections were stained in Heidenhain’s iron-alum hema- 
toxylin with a counter stain of orange G in clove oil. Breinl’s stain 
(safranin and polychrome methylene blue) was also used. 

The earliest stage during the process of infection was noted from the 
specimens when pale spots were just apparent on the leaves. A section 
of the leaves showing this stage is illustrated in flg. 1, Plate XL An 
interesting point noted flrom a number of sections showing this stage is 
that the first mycelial tangle is always visible in the air-space below the 
stomata or in other words in the sub-stomatal vesicle The second 
point of importance which drew the writer’s notice is the presence of 
haustoria-like hyphse (a) fig. 1, Plate XI, just below the stomata. These 
structures are ouly seep at the earliest stage of infection. In one section, 
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this later t^pe of hyphae was found in actual oonneclicm wil^ the branch- 
ing germ-tube of the aecidiospore. I^ate k, therefore, hardly any 
doubt that the stomata are the channels of entry through which the 
germ-tubes of the sscidiospores enter the Sweriia leaves and also the early 
brandies of the germ-tubes of this species of rust has a marked haustoria- 
like character. 

The formation of the uredo and teleutosori in GronaHmm himalayense 
takes place more or less in the same way as that of the other Cromrtiums 
BO far investigated (11). The writer does not, therefore, prt^ose to repeat 
the description of the successive stages in connection with this fungus. 
The figures 1, 2 and 3, Plate XI, figs. 1 and 2, Plate XII, figs. 1 and 2, 
Plate XIII and Plates XIV and XV, illustrate the general plan of the 
formation of the sori and the legends of the figures explain the successive 
stages. 

The secidiospores are binucleate. The hyphse in the sub-stomatal 
vesicle resulting from the germination of the tecidiospores are also binu- 
cleate (Figs. 1, 2 and 3, Plate XI). This binucleate condition is main- 
tained throughout the uredostage (figs. 1 and 2, Plate XII) and up to 
the young teleutostage (figs. 1 and 2, Plate XIII) but stages in which 
nuclear fusion was in process were noticed in the advanced teleiitospore 
(fig. 2, Plate XIII and Plate XV). Subsequent changes in the nuclear 
elements during union and reduction in the promycelium, as described by 
Colley (11) and others, being a matter of detail and not exactly within 
the scope of this paper have been left out. 

(b) The inoculatimi period of Oromrtium hinialayeme on. Fiwertia.- - 
The incubation period of Cromrtium hmahyeme, generally speaking 
varies from seven days to three weeks for all the species of Swertia con- 
cerned. It was not possible to determine the exact time when the 
leaves of the different species showed the first symptoms of infection 
under the condition under which the experiments were conducted, but 
the writer has no doubt that there is a range of incubation period on the 
different species of Swertia de.scribed as susceptible. The appearance 
of pale spots, which are considered the first sign of successful inoculation, 
was noticwl on the leaves of Sweriia anymtifolia between 6 to 8 days 
after inoculation. These spots appeared slightly raised from the leaf- 
surface within a day or two and finally the uredosori were detected as 
early as the 9th day and by the 14th day most of the leaves inoculated 
bore uredosori. In case of Swertia alata the pale sijots were noticed 
from the IStli to 1 5th day and the uredosori were noticed 16 days after 
inoculation. 

Sixtyplantsof each of the above two species of Swertia were inopula- 
ted. The total number of leaves of Swertia angustifoUa inoculated was 
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880 and of Swertia akUa 68()« Forty {>ktita of Swertid cordata carrying 
324 loaves of moderate development were inoculated. For every three 
pots each with three plants for inoculation there was one pot with three 
plants in the controlled chamber. The results are tabulated as follows : — 


S|»pcle«. 

No. of 
leaves 
Inocu- 
lated. 

Ratio of 
leaf aur* 
face from 
the 

average of 
100 

meaaure- 

mente. 

Percent- 

ofXf 

Infection. 

Average 
number 
of apota 
on each 
leaf. 

Appearance 
of pale 
ftpot«. 

Appearance 
of nredo- 
sorl. 








S. anfH»tifolia 




9-5 

6 to 8 

9 to 14 






days. 

days. 

S, olata 



j 85 

7 

13 to 15 

17 to 20 




1 


days. 

daya. 

S, etvricta 



3 

*058 

ntol4 1 

18 to 16 






days. 

days. 


(c) Distribution and size, of the sori of Cronartium hinmUiyeme on 
various species of -The uredostage appeared on S. arigusti folia 

as isolated colonies or small patches irregularly distributed on the under 
surface of the leaves and gradually extended all over the leaf within a few 
weeks. Finally, the infection covered practically three-fourths of the 
lower surface of the leaves. When this stage passed on to the teleuto-* 
stage during the advance of the season, the teleutocolumns naturally 
appeared as a uniform felt-like mass on the leaf area. The teleuto- 
coluinns appeared all over the green parts of this species in regular and 
uniform fashion from the base of the stem up to the calyces and flower- 
stalks (Plat^' III). 

The distribution of this fungus on S, alatu is of more localised character 
(Frontispiece). In fact, it was never noticed that the whole leaf surface 
was uniformly covered by it as in the case of S. anyustifolia. Stem 
infection was also common on this species, hut was confined only to that 
portion of the stem close to the leaf insertion. A few caly *es were also 
noticed to bear the teleutocolumns, bid only isolated sori were seen. 

On 8, cordatay tjhe distribution of the sori was still more limited. 
Only a few patches of iiredosori were seen here and there on the leaves. 
Most of the Iiredosori produced by the inomilation experiments died away 
and produced necrotic areas and occasionally shot-holes of the size of a 
small pinhead. While the uredosori produced by natural infection 
developed a few teleutocolumns later in the season as in the case of 
artificially inoculated S, aJoto plants. 

The following measurements show a certain variation of the size of 
the uredo teleutosori of Cronarium himalayense on tliree difierent 
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species of Smrtia ; the average is of 600 measurements, the specimens 
being taken from materials preserved in a 60 per cent, glycerine and 
alcohol mixture. 


Host. 

UaiBDOsoai (iH sxonox). 

TblUutosobi. 

Height. 

Width, 

Length. 

Thiokneas. 

8, akUa 

. 

120|jt 

nOji 

1 

700(i 

90(x 

8, anguaHfolia 



160|jt 


86{ji 

8. eordata 

• 

94{jt 

146|x 

660|x 



{d) The longevity of the spores and the effective range of spore 
dissemination, — The viability of the sBcidiospores of Peridermium him- 
alayense appeared erratic during germination experiments. All attempts 
to germinate them in various media during the previous years had failed. 
Attempts by the writer to germinate them in the months of May and June 
1927, when various media were used such as rain water, cold and boiled 
decoctions of pine needles, spring water, distilled water, etc., were also 
unsuccessful. In June 1928, the writer used a cold decoction of Swertia 
leaves in rain water, when a few spores produced a small knob-like 
growth at the spot where they were attached to the intercalary cells and 
where the spore wall is practically free from warts. The knobs slightly 
enlarged into small protruding bodies and appeared pale orange to 
hyaline. Later on the spores became bacterially contaminated and 
degenerated. Further attempts were made from June 1929 when portions 
of fresh Swertia leaves were cut into circular discs and were placed in the 
depression of a moist chamber slide with the lower suiface turned upwards 
and slightly moistened with rain water and spores were dusted on these 
leaves. The slides were in turn placed on a moist blotting paper inside 
a Petri dish and these Petri dishes were kept in ioeless reWgerators 
which had been arranged for these inoculation experiments. By this 
method by the middle of July when the temperature of the refrigerator 
was between 60°-64°F., germination occurred but it was even less than 
2 per cent. Later on the spores also germinated on slides the surface 
of which was moistened with a film of rain water but the spring water and 
tap water being alkaline in reaction were found distinctly harmful for 
such processes. Distilled water was also used with much less success. 
As noted by Colley, Spaulding and his co-workers, Klebahn and others 


Tb® writer is indebted to Dr. Spaulding (26) for the use of tbia ten«, 













XI.] Bagchbb: Petidennium Mmahyeme. 29 

(11, 12, 14, 16, 17), it was obsermi that an excess of water proved 
immical to genmnation. 

The foDowing experiments were done in order to ascertain the 
longevity of the secidiospores. 

(1) A series of experiments were conducted at intervals of 7 to 16 
days in 1928 and 1929 under temperate conditions at 
Almora and Mussoorie and semi-tropical conditions at Behra 
Dun, to germinate the secidiospores from pustules which 
had been stored intact in a dry condition in stoppered vials 
from April to August, but these met with no success. 

(ii) Specimens were collected from the 24th May up till the 16th 
July 1929 at intervals of 7 days from various ranges of the 
Almora division during the tour and were stored in three sets 
in stoppered vials and in paper bags lined with drying paper. 
One set was stored in the refrigerator (24®C.-28®C*), the second 
set was kept indoors on a table facing a window, the room 
temperature being 62°-68®F. and the third set was left under 
the shade of a tree (66‘^-72^F,). As before the pustules were 
left intact and the spores were removed by a needle. Ger- 
mination tests were done from the 24th June up to the 16th 
July as already stated. The maximum germination was 
noticed from the lots which were collected between the 
24th June to the 13th July and from those specimens which 
were stored in the refrigerator, while those which were 
collected after the 16th July when there was frequent rainfall 
soon got mouldy and did not keep well under storage 
conditions. 

It is difficult to say how long the eecidiospores retain their viability 
in nature as the writer has no further experimental data on this subject. 
The result of field observations show that in the crevices of the bark of 
pine and in the base of the pustules which are generally embedded in the 
bark of the tree and are sheltered from rain and sun the spores retain 
their orange yellow colour. A percentage of these spores may retain 
their viability and continue to infect the young Swertias till the end of 
tlie rains. From the daily variations of temperature in these forests 
during the months of September and October and the other inclement 
factors to which they are exposed, m., occasional rain followed by 
strong sunshine, it is difficult to believe that the secidiospores will retain 
their viability for any considerable time after the month of August. 

The effective range of spore dissemination is at present under 
investigation and this subject will be a matter of future discussion when 
stiffioient data have been collected, but from the observations of foiest 
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officers it appears to be fixed at about 2 to 3 miles according tO tbc 
situation and aspect of the infected pine stands. This has been baled 
partly on the information available on this subject from work done in 
European countries on the white pine blister rust and partly on the 
experience of the writer from his actual field study. 

Specimens of Sweriia alata and S. angust^olia with abimdant uredo- 
sori were collected from the 12th July onwards till the 31st August 1928 
and were stored in stoppered vials, in Petri dishes and inside paper bags 
lined with drying paper, Sweriia plants collected from Ranikhet and 
Almora forests were transplanted in pots and afterwards transported to 
Mussoorie where they were kept under observation for 4 weeks to note if 
they were free from natural infection. After the maximum incubation 
period was over inoculation experiments were done with uredospores, 
(Jennination tests of uredospores, which were collected at various dates 
between the 12th July to the Slat August, were also made at the same 
time at an interval of 4 days in different media, viz., distilled water, rain 
water, spring water, etc., which were also used during various attempts 
to germinate the ascidiospores. The best germination was noted between 
from 4 to 9 days after the collection of the specimens when about 5 per 
cent, of the spores germinated and so far as their viability was concerned 
the rate of infection practically coincided with the germination maximum. 
These experiments were repeated again from the 5th till the 16th July 
and from the 5th October till the 30th November 1929. This time the 
results differed. The inoculum collected in July had poor germination 
and the maximum germination was about 2 per cent, while those collected 
in September germinated better, about 7 per cent, having germinated by 
the second week of September. The maximum amount of infection took 
place from specimens which were collected between the 10th and 16th 
September and between 3 to 7 days after the specimens were collected 
and stored. After the 10th day the percentage of germination gradually 
fell off and no infection took place when the inoculum from 3^week old 
specimens was used. After the 2nd week of October the uredosori were 
becoming less and less every week and by the end of November no fur- 
ther supply of uredospores was available. Germination tests were done 
of the uredospores which were kept under storage conditions from the 
16th to the 22nd December 1927 and from the 18th to the 24th January 
1928, from the specimens which were collected on the 10th October and 
were kept under air-dried conditions in loose drying paper which is 
ordinarily used for drying botanical specimens and also in Petri difthoi, 
but without any result. It appears from the above experiments that the 
uredospores do not retain their viability for long after the specimens are 
collected. The maximum germinating capacity and viability were found 
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b*twewi th« mo&thfl of August and September when a large infection of 
SwettiA by the utedospores takes place. Towards the end of October 
uredoBori became fewer as the tebutocolumns came out and in 
November they were rare and were only found on Swertia growing in 
warm and sheltered places. 

Specimens of leaves with profuse and newly matured teleutocolomns 
were collected from the first week of September till the middle of December 
1927 at intervals of one week and were kept in Petri dishes on dry blotting 
paper and were loosely covered by another dry blotting paper and weeldy 
germination tests were done by removing some of the specimens to moist 
chambers. The maximum germination was noted between from 12 
to 20 hours from the time when these leaves were collected from the 
Swertia plants. At the end of one week a few sporidia were produced 
and after It) days the teleutospores failed to germinate and produce 
sporidia under these conditions, while those on leaves which were not 
removed from the plants and kept in the open at night in dew and stored 
in a cool place in shade during the day, germinated and produced sporidia 
till the end of the third week after they were stored. 

The teleutocolumns are very fragile and even a gentle movement of 
the plants is enough to dislodge many mature teleutocolumns. These 
are cells which have mostly germinated and in fact represent the empty 
shell'*. They fall oft more rapidly from the leaf attachment than the 
iingerminated ones. They were caught at a distance of 15 to 20 yards 
from the Swertia fields during the spore catching experiments. The 
teleutospores thus distributed did not germinate. They germinate in 
situ and produce sporidia. 

The sporidia attached to the teleutocolumns were kept in a dry 
condition in the depression of a moist chamber slide which is generally 
used for hanging drop cultures and were covered by a cover-glass. The 
sporidia were removed by fine brushes from teleutocolumns and germina- 
tion tests were done at an interval of G hours, when some of them were 
removed at intervals of 6 hours to hanging drop cultures of dew water 
from a cover-glass. The percentage of germination rose to about 8 per 
cent, in 24 hours and after 30 hours this was reduced to about 2 per cent. 
About 60 per cent, of these sporidia were undoubtedly immature when 
they were removed from the teleutocolumns and this fact should be 
taken into account. 

The range of dissemination of the uredospores and sporidia were test- 
ed by various methods, e.g., by using moist sheet glass, glass slides, Petri 
dishes, moist chamber basins and shallow glass basins partially filled with 
water. The moist glass plates and containers were placed on alternate 
da)« from the 20th Octob^ till the 15th December 1927 at different places 
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in the infected Sweriia fields and at various distanoes from these plants. 
These observatdons were repeated again in 1929 from time to time from 
the 6th October till the 10th December during the course of field study. 
But no reliable data could be procured at the termination of these 
experiments. The observations differed in different ranges owing to 
various factors controlling the distribution of the spores. The aspect 
of these forests and also the position of the Swertia fields with reference 
to the infected pine stands varied in different ranges as has been already 
noted before. It may also be said in this connection that there is no 
fixed direction in which the spores may be distributed for any consi- 
derable time. The direction of the wind as already stated is generally 
north-westerly but it changes occasionally to a north-easterly direction. 
The velocity of the wind varies between 6 to 20 miles per hour. But in 
all probability this may not represent the actual range which in some 
cases may be about double this rate. When calmer air prevailed the 
uredospores were collected at a distance of about 6 yards from the in- 
fected Suiertia. 

A remarkable fact which strikes one is the amount of teleutocolurans 
produced on the Swertia host which may be growing all over the infected 
pine forest or may be distributed in large colonies or isolated patches 
or in groups here and there. There could hardly be any doubt that when 
the weather is favourable the pine needles catch hundreds of sporidia 
from these infected Swertia at close range and during all hours of the day 
and night. The problem of “ effective range ” of dispersal of these 3 
kinds of spores will be a subject of much closer study and investigation 
when eradication operations are in progress and a number of pine stands 
are thoroughly freed from this broad-leaved liost, not only from inside 
the compartments, but also from outside, to a minimum distance! of 
about 200 yards from any young growth of })ine. Wheji the source of 
infection becomes limited to a few areas it will then be possible to make 
a more accurate investigation. 

The range of dissemination of the secidiospores as well as their lon- 
gevity in the case of Cronariium ribicola are subjects about which there 
is considerable difference of opinion. Spaulding in a recently published 
bulletin (25) has summed up his observations on this subject in the 
following lines. This range has been determined “ up to 1| miles with 
scientific accuracy, with less accuracy up to to 7 miles and still more 
recently by the elimination of other factors upwards to hundreds of 
miles ”. Experimental data on the longevity of the secidiospores vary 
from 3 weeks to 6 months. But this includes spores whioh were stored 
under artificial conditions. Under favourable conditions the spores may 
also retain their viability bet^ier in ;iature than under adverse experi- 
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mental conditions. Strong light, excessive humidity or excessively 
dry conditions and high temperature are factors which have a deleterions 
effect and stand in the way of their retaining their viability for any 
considerable length of time. In other cases the secidiospores which are 
stored in a refrigerator or in a cool place away from strong light 
may remain in a viable condition for a long time. If the pustules are 
retained intact the viability of the spores may also be prolonged for a 
considerable time. Three to seven weeks appears to be the general 
record of the longevity of the spores under various field conditions. 

The “ effective range ” of distribution of the uredospores of the 
blister rust of white pine is limited to hundreds of yards rather than miles, 
while that of sporidia has been estimated to be from 200 yards to a 
maximum of 600 yards. The longevity of the uredospores has been 
determined by York (31, 32) who obtained uredospores overwintered 
on dead Ribes leaves and proved thereby that uredospores may survive 
the winter. The longevity of teleutospores so far as is known for that 
species, as noted by McCubbin (19) is 66 days but the maximmn germina- 
tion took place within 4 weeks from the date of collection of the leaves. 
The delicate sporidia which may be distributed up to 600 yards and 
occasionally may be carried to a greater distance in a viable condition 
can live in suitably moist air up to 26 hours and then readily germinate 
when moisture is supplied. 

From the results of the experiments and actual field observations 
done by the writer and from the information available on this subject 
from the investigations on the white pine blister rust by European 
workers, a distance of 3 miles for ajcidiospores, 600 yards for uredospores 
of 200 yards for sporidia may be taken as the prebminary working distance 
for control purposes. Detailed work is in progress and in course of 
time when exact data arc at hand a further announcement on the “ effec- 
tive. range *’ will be made. 

(c) Weather conditions in relation to Swertia infection. — Our knowledge 
about the factors controlling successful infection of Swertia by the ajcidio- 
sporos in nature is admitted to be rather incomplete. But the following 
observations which explain to some extent the relation of Swertia infec- 
tion and weather conditions arc based upon data obtained during three 
successive years of field work. It is a well known fact that the infection 
of blister rust and probably nearly all infection of rusts depends upon 
moisture conditions during the summer and autumn months. Bain, 
dew, mist or heavy fog seem to be the natural agencies by which the 
germination of secidia and uredospores is effected. 

The period of esoidiospore production was found to be lengthened 
or shortened, even sometimes very considerably, in different years. 
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In 1927 the wcidin were found to break open by tiie lit of May. 
The heaviest spore dispersal was between the end of May and of June* 
In 1928 the heaviest spore dispersal was firom the middle of June to 
early July. In 1929 the aeoidia began to open by the second week of 
April and the heaviest spore dispersal was b^ween the 15th May to the 
l|5th June and few secidiospores were seen by the end of that month, and 
these dates correspond roughly with the start of monsoon in these years. 

In 1927 field study of Swertia infection at Kanikhet, Ahnora and 
Garkhet ranges revealed a very high degree of development of the Cromr- 
tivm fungus. Little is known of the distribution of infection on Smrtia 
in 1 928, except from what was seen from specimens occasionally received 
but it was noted, however, that infection in all the above mentioned 
ranges and practically all over the infected pine forests of Kumaon 
closely inspected, was still less. 

Rainfall records, however, are found to indicate the moisture condi- 
tions for any given locaUty, the total precipitation for a mouth indicates 
roughly the favourableness of the weather during that month for the 
development of the rust. The rainfall recoids, which are iu fact the only 
meteorological data available in these stations, are graphically represented 
from day to day in the Plates IX and X which will partially explain the 
conditions of weather and their relation to varying degrees of infection of 
Swertia. If these figures are correlated with the infection of Swertia, 
it may be observed also that it is not the total amount of precipitation 
during the summer and monsoon months that affects successful inocula- 
tion of Swertia and the duration of the uredo and teleutostages on this 
host, but, when critically examined, it appears that it is the distribution 
of the total amount more or less uniformly throughout the infection 
season which controls the successful infection of Swertia either by the 
eecidiospores or by uredospores and in general the longevity and duration 
of the succeeding stages. 

Heavy precipitation in the period of ajcidiospore production has been 
observed to reduce greatly the dispersal of spores by washing them out 
of the sBcidia. If the rain continues with a heavy downpour for a long 
time most of the secidiospores are washed down to the ground and it is 
unlikely that these spores ever become disseminated in a viable condition 
by the wind. The same observation holds true for the uredospores 
and the sporidia also. On the contrary periods of dryness lasting for 
several days after a heavy fall of rain within a short period may destroy 
the viability and prevent the germination of the seci^oi^res which are 
thus rendered innocuous to Swertia. 

The production of successive uredosori in September and October is a 
point already noted. The uredostage had a shorter duration and limited 



fuun Jd.] 

dntvibirtidn in 1929 than in the previous years. In 1927 the writer 
SttocessfuUy inoculated 8. aiata and S. angtMifdia at Almoca and 
Barediina in the months of October and November under natural condi- 
tions with the uredospores collected from Rardkbet and profuse infection 
took place. While in 1929, several attempts at inoculating the species 
of Skmtia under natural conditions <luriug October and NovOTiber 
resulted in failure. Successful results were only obtained when experi- 
ments were condnoted in moist chambers. After the uredospores begin 
to form there should be occasional moist pcriwls to permit further infec- 
tion of the leaves, if there are to l>e a series of uredostt^es succeeding one 
another. In fact, fresh uredospores were frequently collected till the 
middle of November 1927 and this was evidently due to occasional 
precipitation followed by cloudy weather both of which combined to 
keep the atmosphere in a humid condition. 

The same observations also hold true for the production of teleutosori, 
the germination of teleutospores and the production of sporidia. Fresh 
and newly formed teleutocolumns on .some of the infected Swertias were 
collected by the 2nd week of October 1927. Similar fresh teleutosori 
were also collected by the first week of September 1928, and by the 
third week of October 1929 and successful germination experiments 
were done every ye.ar till the middle of November, But from those 
collected by the end of November and early December only a few spores 
germinated and produced sporidia. The teleutospores attain maturity 
within a few weeks of their formation. If the moisture condition of the 
air is unfavourable the germinating capacity of the teleutospores is soon 
lost and this results in a rapid termination of the life-cycle of the fungus. 
The dry atmospheric condition, therefore, explains limited production 
of sporidia as well. After the teleutocolumns are produced there should 
be a favourable period for the production of sporidia and the immediate 
infection of pine needles. 

The. other factor, viz., temperature, is secondary, but none the less 
explains the absence of pine infection in the warm foot-hills of the Sub- 
Himalayas. High temperatures are definitely known to prevent ger- 
mination of these spores, but they do not occur in those regions where 
this fungus is now spreading naturally. 

In order to test propagation under warmer conditions, inoculated 
Swerlia plants of various species were transported in pots from Almora 
to Dehra Dun {2,100 feet alt.) after the appearance of profuse uredosori 
on them. Tliough some of the pots were placed in moist chambers, none 
of the infected leaves developed teleutosori. The uredostage was short- 
lived and the fungus died out subsequently without the infection spread- 
ing any ioriher. 
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Keld inspection in tbe regions facing the Utrai and plains throws some 
light on this point. In Manors rat^o, which faces the plains, and also 
on the spurs of Mussoorie hill overlooking the plains, one frequently 
notices all the susceptible species of Swertia, and also the young pines 
flourishing side by side free from this disease. Hot far from these forests, 
from China range, Naini Tal division, and from the northern face of 
Mussoorie hills infected pines and Swertiaa have been collected. 8. 
angustifdia var. jntHchdla and 8. eordaia free from infection have been 
collect^ from the lower spurs of the Naini Tal hills facing Kathgodam 
at an elevation of 2,600 ft. and also on the lower spurs of the Mussoorie 
hills at Jharripani at 4,000 ft. 8 . crngudifolia var. puhhdh has been 
collected from New Forest, Dehra Dun. The writer has never come 
across any infected pine in the warmer valleys of Kumaon, though in 
places close by but at a higher elevation infection of pine was noticed. 
Similarly, on the warmer spurs of the foot-hills of the Himalaya facing 
the plains no infection on either host was noticed though side by side 
both are flourishing. The striking factor, therefore, controlling the 
spread of this infection, which suggests itself, is high temperature coupled 
with the dry atmospheric condition in summer. The spores which are 
carried to these warm regions either loose their viability or are prevented 
from germinating. Incidently, it may be remarked here that the leaf- 
form of Peridermium on Pinus longifolia {Peridermium complanaium 
Bare!.), which has been described as belonging to another genCTic group 
of these rusts, is morphologically a different species and also physiologi- 
cally behaves differently. This species of rust is common everywhere 
and flourishes alike in the warm and temperate regions of the Himalayas 
in spite of varying climatic conditions. 

Presumably, then, the amount of rainfall distributed over a longer 
period followed by cloudy weather, fog and mist, are the factors which 
primarily control the infection of Swerlia, cither by secidiospores or 
by uredospores, the longevity of the teleutospores, the production of 
sporidia directly and finally the infection of pines. This last point is 
not merely a logical conclusion, nor one guessed at, but is based also 
on knowledge of the behaviour of Cromriium ribieda in European 
countries under similar circumstances (12, 14, 16, 17, 21, 2:1, 24, 26, 
32). This point can only be confirmed when data on the rate of mortality 
are obtained from future field observations and such data may, by 
comparison with that of previous years and with due allowance for errors, 
may support the above statement. 

(/) Over-witUering of Cromrtium himdayeme . — ^The writer in his 
attempts to study the phenomenon of over-wintering of Oroncurtium 
Imncdayeme on the same lines as Oromrtium ribioola (11, 12, 24, 31, 32) 
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was only najftially successful. The main difficulty encountered in the 
way of successfully solving the problem was the erratic nature of germi- 
nation of the fficidiospores of this fungus. The writer failed during two 
years to germinate even fresh spores and in the third year the percentage 
of germination of such was very low. Side by side with the germina- 
tion experiments various attempts were made to procure spores from 
■the bark of dead trees, cankered wood, fallen dibris of pine branches, 
stumps, cones, etc., where they may be sheltered and such material was 
frequently subjected to careful microscopic examination for any spores 
that might be in an apparently viable condition. A certain amount 
of spores were detected occasionally which had come from dead trees 
which were killed by the rust during the previous season, but all attempts 
to germinate them met with failure. During the field study in autumn, 
viz., from October till the middle of December, the writer also noticed 
a large number of intenial peridia on saplings which had died during 
the preceding sununer. These peridia which were of deep-seated origin 
inside the bark contained spores apparently in a viable condition. But 
such fresh looking spores did not germinate in spite of persistent attempts 
to make them do so. In other cases when small saplings which were 
a(itually killed in the spring or summer after the production of a single 
crop of secidial sori, were examined during the following autumn a 
large amount of spores covered by exuded pine resin from the crevices 
of the bark were found in a completely bleached condition. Attempts 
were also made with spores kept in storage conditions in a refrigerator 
to inoculate >Su‘er(iu in the following summer but this proved a failure. 

The uredospores which are rather easy to germinate also proved to 
be short-lived under natural and storage conditions. Inoculating 
n)atoriaI colle-cted by the middle of November, stored in various ways, 
never germinated in the following February. Attempts were made to 
propagate and continue the growth of the rust in the uredo and teleuto- 
slages on Swerlia but this was not possible owing to the annual nature 
of the host the leaves all falling by the end of autumn and the plants 
disintegrating in winter. It is therefore evident that such spores cannot 
remain on any part of Swertia and produce the teleutostagc in spring 
and infect the pines. The Swertia host completely decomposes during 
winter and the possibility of this stage over-wintering on Swerlia does 
not arise. 

In any case it is unlikely that the secidiospores retain their viability 
in this climate under the prevailing adverse natural conditions so as to 
infect the broad-leaved host which appears in the forest after one full 
year. The strong sun and daily variations of temperature and heavy 
rains during the monsoon and early autumn, are factors which stand 
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in the way of their retaining their viability till the next eeason. Con* 
sequently, the phenomenon of over-wintering of the above spore^^fonns 
seems most unlikely with Cromrtmm hmdaymmn 


VIII. GENERAL CONSIDERATIONS. 

(a) Pinus hngifolm {ckir) is one of the most important forest trees in 
the Himalaya ; in the United Provinces it forms, after $al^ the most 
extensive forests in the province (1). It is found both on the outer 
ranges and in the principal valleys of the Himalaya, descending occa- 
sionally to an elevation of 1,500 ft., to the level of the main water courses 
and ascending to 7,500 ft. on the wanner spurs of the Mils. This pine 
is typically gregarious forming pure forest of considerable extent. Ac- 
cording to Troup (28. 29) the upper limit of gregarious Pinus hngifoUa 
forest may be placed at 6,500 ft. and above that elevation the tree is 
usually found scattered in warm aspects up to 7,6(X) ft. or even higher. 
In its upper reaches it is associated principally with Cedrus deodara^ 
Pinus excelsa, Quercus incana^ Rhododendron arboreum and Myrica 
nagi, while in its lower habitat it is mixed with Shorea robusta, Anogeis- 
sm laiifoliay Terminalia tomentosa, Buchamnia latifolia^ Ougenia dal- 
bergiodeSj etc. The area covered by this pine has been roughly estimat- 
ed by Troup (28) to extend over about 3,300 square miles, extending 
from Sikkim, through Bhutan, Nepal and Mandi to the Frontier States 
and Afghanistan. The total area of P. longifolia forest including the 
territories mentioned must be considerably greater. 

In the Kumaon and Garhwal Himalayas, where this disease of chir 
has taken a heavy toll and is extending to new areas every year, this 
pine forest either pure or mixed extends over a large extent of hilly 
country between elevations of 3,500 and 7,000 ft. On northern aspects 
pure P. longifolia forests occur mainly at elevations of 3,500 ft. to 5,600 
ft. and on lower elevations this pine is mixed with the various broad- 
leaved species already referred to, while on higher elevations above 
5,500 ft., the pine rarely forms pure forests and is mixed with Quercus 
inmna, Myrica nagi, Pieris omlifolia with or without Rhododendron 
arboreum, 

Troup in his interesting memoir on Pinus longifolia (28) has predicted 
in the following lines a great future for chir. “ Forming, as it does, 
gregarious forests at comparatively low elevations, its timber can be 
worked out at a lower cost than is the case with species growing in more 
sporadic form and in less accessible tracts. True, the timber, though 
of very fair quality and in considerable demand, does not rank 
the first class timbers of India, but when the value of antiseptic threat* 
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lae&t comes to be more fully realized in India more extensive uses should 
be fouiid for it. Apart from this, the tree has already eetablisl ed its 
rqintation as a producer of resin, and in this respect alone is of great 
potentk! value, since there is room for an extensive development of 
the resin industry in India.” 

Within the last few years this staten^nt of Troup has already 
materialised to a great extent and the importance of ehir timber for 
bnilding purposes and for ordinary furniture and in general carpentry 
has risen much in the estimate of the people. It is now extensively used 
for these purposes in the principal cities of North and North Western 
India. It was formerly regarded as a third class timber for railway 
sleepers, bridge building tiujber, shafts and other strong constructional 
works, but under modern treatment with preservatives it has been 
lately proved to be a first class timber for all purposes. A large number 
of sleepers are being annually treated and under modern treatment 
with preservatives it is also possible to use sapwood of chir in toto. 
From the economic point of view chir sleepers are about the best proposi- 
tion for the railways in India to-day. 

This pine is at present the principal resin producing species in India. 
In the Punjab and the United Provinces it i.s systematically tapped. 
The amount of pine resin extracted in 1928 from the United Provinces 
forests was 105,6()0j maunds and was sold for Ks. 3.36,370 (1). The 
resin industry of the Punjab has also develope<l rapidly. The importance 
of chir pine for this purpose may increase in future as communications 
extend into the interior and larger areas are tapped. 

This pine is also of c(tnsideral>le importance as a park, garden, 
avemie, and ornamental tree. It is a large evergreen tr(>e, sometuiies 
nearly deciduous in dry localities, and l.aving an elongated crown up 
to middle age. It grows (pjite rapidly and acclimatises itself easily 
outside its natural habitat. It spre.ads a pleasant aromatic odoiu in 
the locality where it grows. For these reasons it is planterl in parks. 
It is sometimes reor^ as a decorative tree up k> the jwle stage in the 
compounds and gardens of houses in North and North Western India. 
Though chir produces an inferior quality of fuel wood, in the Kumaon 
lulls in the absence of better kinds this wood is extensively used for tl is 
purpose. 

(6) Darmge due to ihe infestation of blister rust . — There is a tendency 
amongst forest ofiSoers in India to believe that the disease will not become 
serious in stands of natural regeneration where the pine is growing 
luxuriantly under favourable conditions in its natural habitat and that 
attacks will only be confined to plantatmns, where the host is weakened 
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in some way so that it becomes susceptible to the parasite. It caimot 
be denied that the principles of phytopathology and so also that of 
animal pathology assume the fact tlmt the individual receives infection 
only when it is weakened in some other way, which suggests that there 
must be some factors for predisposition. This assumption to a certain 
extent holds true in most of the plantations which the writer had the 
opportunity of examining during his tours. It is known for certain that 
this rust is a member of a group of well-known parasites and that their 
mode of entry is through the stomata of the leaves and especially of 
primary needles ; the causes of the production of these primary nee^es, 
which arise from adventitious buds on the stems of advanced saplings 
and in larger numbers on unhealthy saplings in plantations, may therc- 
foie be regarded as predisposing factors to the disease. The saplings in 
periodically burned young regeneration, for certain physiological 
reasons not thoroughly known, also produce copious adventitious buds 
all over the stem and when the leading shoot dies for some reason such 
buds grow out into a number of shoots and the plant attempts to coppice. 
On the other hand, as far as the leaf sheath infection is concerned, this 
factor is equally responsible for such infection both in plantations and 
in regeneration, artificial or natural. In fact, the result of field study 
in the Kumaon and Garhwal forests, as already referred to, supports 
the belief that healthy and vigorous regeneration is as much open to such 
danger as plantation crops. This statement is further supported by 
results so far available of cross-inoculation experiments of pine which 
were done during October 1927, wlien 120 saplings of various ages were 
inoculated, the plants being selected from healthy members of the 
regeneration and plantation areas. It is too early to report on the results 
of these experiments but they will be a subject of future discourse ; it 
appears however that some of the inoculations done on the leaf-sheath 
and on the primordial needles of the adventitious shoot have taken 
effect and are now showing symptoms of the disease. 

It is not possible to state the exact figures of mortality of 1\ lonfjifdia 
in the Kumaon and Garhwal forests. The area concerned is extensive 
and the writer has not succeeded in accumulating the necessary data. 
The following record however will give some approximate idea of the 
heavy casualties in the Almora and Bhowali plantations. The data 
on the mortality of pine in the Almora plantation has been taken from 
a published record (30) on the methods of slash disposal in the chir 
forests and the other ffom the official record of Naini Tal Division for 
which the writer is indebted to Mr. E. W. Raynor, Divisional 

Forest Officer, Naini Tal. The record of mortality in r^eneration com- 
partments is, unfortunately, not kept. 
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Mortality of P. hng^oUa in the vkinity of Almora, 

West Almora Dimaion, 

5,188 

2,615 

. • . . • . . 5,147 

7,898 

• ••«••• 3,980 

Total** . {244574 


Naini Tal JHvmon 2927-28. 

Girth. 

Qftgor Compartment 20 . • . • . . . O'-d^ 6^-1' 

400 200 

Ninglat Compartment 1 120 


520 200 

It will require several years’ work to get a complete record of the 
huge number of casualties and then only will it be possible to work out 
other details in terms of expense and the exact amount of loss from this 
disease, but it will now serve our purpose if we only succeed in impress- 
ing those concerned of the extent of the loss, as compared to any other 
loss of forest trees in this country due to fungus infestation, and, what 
is more, the danger to which this pine is exposed and by which it is 
being overcome. 

(c) The origin and distribution of Cronartium himalayense . — The 
history of Cronartium himalayense is very obscure. Though occasional- 
ly specimens of the secidial stage of this fungus were collected as far 
back in 1889 when Barclay (5) noted the cortu ola stage on Pinus longi- 
folia and Nisbet in 1896 (20) no reference has been made to the Cronar- 
tium stage on Swertia. It is interesting that while examining Swertia 
specimens in the Dehra Dun herbarium the writer came across two 
sheets showing Cronartium fungus. One is a specimen of S. cordata 
collected from Pasada, Bashahr, altitude 6,500 ft. and the date of 
collection is October 1891. The other specimen is S. (data from Dhar- 
migadh, Jaunsar, altitude 6,500 ft. collected by J. S. Gamble in Sep- 
tember 1898. A specimen of S. alata showing Cronartium infection was 
also seen at the herbarium of the Koyal Botanical Gardens, Sibpur, 
Calcutta. Bashahr is a division lying to the north-west of the Simla 
hills and Jaunsar lies to the east-south-east of Simla and north-north- 
west of Dehra Dun. The presence of this stage of fungus on both sides 
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of Simla is an mteresting fact and one can easily assutne its pfesinoe in 
Simla as well, though it has not been actually noticed there and Barclay 
collected his specimens of oorticda in the neighbourhood of Simla about 
the same time. 

It is interesting to note that Dr. E, J. Butler, the then Imperial 
Mycologist at Pusa, who visited this part of Kumaon . several times and 
in different seasons for the study of wheat rust and for collection pur- 
poses with an efficient staff of collectors did not come across any specimen 
of Oromriium fungus on Swertiaf in spite of the fact that several other 
specimens of rust had been collected from Kalimat, Sitoli and the planta- 
tions close to Almora. It is quite possible that this fungus was not there 
at the time when he inspected these forests and that it might have spread 
to this area later on. 

From the records of the Almora plantations, it was noted that in 
1891 a large number of young chir trees were dying of some insect attack. 
The attack was at its worst in 1909-1912 when a large number cf sickly 
and attacked saplings were burnt. No further reference to this is made 
till 1914 when the Divisional Forest Officer noted that an atta(}k of the 
insect had caused a considerable number of casualties among the young 
chir pines. Thereafter casualties were sporadic. In 1915 Pefiderrmum 
was for the first time definitely recorded as apparently doing much 
damage. It was noted by Champion (7), Beeson (6), as well as by the 
writer (3) that Periderndum is the predisposing ( ause and the insect 
comes in later when the trees are almost dying. It appears, therefore, 
that some earlier attacks of Periderndum were not detected and the 
insects which were secondary might have be(ui mistaken for the primary 
cause of mortality of chir. 

It is difficult to say what is the original home of this fungus. Both 
Pinm lofiAjifolia and Swertia are natives of the imier Himalaya as well 
as of the outer Himalaya facing the Indo-Gangetic Plain. Cromriium 
himakiyeuse may have its original home in the inner valleys of the 
Himalayas and it may have migrated to the outer ranges later on. In 
the absence of any other fact to prov(3 the contrary the fungus may be 
taken to be of Himalayan origin and from this point of view the iiame 
Vromtlium hifmhyeme is appropriate for it. 

In connection witli the de«(3ription of the secidial stage on chir pine 
(3) the writer has given a list of distribution of most of the infected com* 
partments of West Almora and Naini Tai divisions. The fungus has 
since been noticed in the Pindar and Dbanpur ranges in Garhwal divi^ 
sion. It has also been noted in the western borde. of West Almora in 
the Kapoli and Chakargaon plantations (Plate Y) of the Dwarahat range. 
Though not in a general epidemic form it occurs also in the Bast Almora 



J^jUtc !XI.] 49 

divMos. It has also been lecorded in Mussome, Chateita, Jannsar 
and i^mla, and the Bashahz and Kulu divisions. It probably also 
bconrs in Mnndi, Kashmir, Hazara and Chamba. Outside India 
proper, there are cMr forests in Sikkim, Bhutan, Nepal and in the 
IVonthu* States of Afghanistan, which still remain botanically unexplor* 
ed. As these are gradually explored we may be able to give mote com* 
plete information regarding ito distribution in these states bordering 
India proper. 

(d) Important dates in the life history of Cronartmm himahyenee and 
its life eyde . — The pycnidial stage is noticed on pine in October and 
November in the form of small lucid honey-coloured drops at the base 
of tiie needles of the infected tree. It is sometimes seen close to the 
canker at its earliest stage on the stem of saplings where the pycnidial 
drops ore mixed with exuded resin. The pycniospores are believed to 
be abortive spores which have become functionless. 

The ascidial stage may appear m the following spring or a year later 
on the same parts of the plant where pycniospores were detected during 
the previous autumn. The earliest crop of tecidial sori was collected 
by the writer by the Ist week of April and they continue4^ be produced 
tdl the first week of July. In the case of young seedlings the plant dies 
ofi before the secidiospores are formed on them. Inoculation experi- 
ments with sporidia on various ages of pines are in progress. But those 
experiments which were done on very young pines that is on seedlings 
between one and two years of age proved successful. Such plants died 
within one year after inoculation and histological examinations showed 
the presence of numerous hypse and haustoria in the cambium and 
cortical cells of such plants. Trees of various ages from 3 to 16 years 
have been frequently found infected by this fungus which fructifies 
copiously and produces numerous spcidial sori on the stem and branches. 
Beyond this age infection by CronaHium himaJayense is uncommon. 
The oldest tree recorded to have been killed by this fungus was a pole 
about 30 years old. 

The uredostage was noticed on the 6th July 1928 on S. anyustifolia 
and by the 18th July on S, alcOa and on S. cordata on the 4th July. 
This stage was noted about the same time during the followi^ year. 
In 1927 when the search for the alternate host of Perid&mium was 
commenced on the 16th October, the uredostage was found mixed with 
the teleutostage in Kaligadh on S. alata. 

The teleutostage was noted by the middle of August on 8. angu^oUa 
and by the end of August on 8. ahta. They appeared through the 
uredosori first and the pure teleutosori appeared aU over the under- 
surface of the leaf. 

s 
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The tnaximMm p^rowth of Swortia ifi graeraOy over hf the eod of Sep" 
tember, most plants flow« in October and tilte seeds mature bjr the end 
of October when the capsules open to discharge the seeds. The dii^MTsal 
of seeds continues till the end of Novembm when practically sU the 
capsules become empty of their contents. Smrtia oompletdy dies off 
by the end of December. One may trace small pieces of stmn here and 
there in the forest in January but after this thne tibe winter snows and 
rains disintegrate whatever woody structure remains of than so that 
in April the plant is not seen at all. Ihey reappear by the middle of 
June and in two weeks attain the size of 2 to 3 inches. It has also been 
mentioned before that Cronartmm kimdlayense does not over-winter 
either in the uredostage or in the teleutostage. 


IX. CONTBOL METHODS. 

Under this heading various methods of control of this blister rust 
are considered, not only that of the eradication of one or the other host, 
a well known prescription for the such diseases of forest and agricultural 
crops, but also i other possible treatments are taken into account such 
as a change in the practiced silvicultural system of regeneration, en- 
couragement of mixtures, departmental burning, etc., if such measures 
appear to help in natural control and serve our pjirpose. The various 
measures will be discussed in the following pages and each will be taken 
up in the inverse order of importance. 

(a) Substitution of chir with other Indian or foreign pines . — It appears 
from the above investigation that Pinus Umgifolia is extremely susceptible 
to blister rust. The main problem under this heading resolves itself 
into a single question, viz., can we grow any other pine, Indian or 
foreign, which will be silvioulturally well suited to those extensive areas 
where P. longifdia is now flourishing and which will be an equally sound 
economical proposition % The important silvicultural characters of 
this pine may be summed up in the following lines. 

It is a strong light demander and warmth loving plant. It grows 
successfully in the plains and in places with a hotter and drier climate 
that it experiences in its natural habitat. Pinm longifoUa seedlings are 
light demanding also. It reproduces itself well as a rule on well drained 
porous soil, such as those containing a &ir proportion of sand or fine 
mica. Chir-pine grows on a variety of geological formations from clay 
soil, beds of conglomerate to decomposed mica-schists, gneiss and 
even on hard shales with quartzite. It has been found &at this pine 
grows in the crevices of quartzite and even <m bare rook with a very 
small ampunt of soil in the buttresses and crevices. 
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ISi* joang TKgfmt$,iim of Pinm Img^dia reqaires to be pgnoteeted 
from damage by fire. Although this pine is recorded as being a fiddy 
fite-hardy speoiee in a sense that a mild oonfiagration does no serious 
damage^ it is, when young, susceptible to damage by fira and the {une 
x^nires to be protected for some years. The acciuniilated 
4^bf%$ ooxiaisti&g of needles, broken branches, cones and other parts 
-of the tree together with the exuded resin at the base of the trunk and 
felled stumps fmm a great mass of inflammable material, which, unless 
burnt departmentally imder control, is liable to accidental or intentional 
burning* This pine has a greater power of resistance to fire than any 
oth^ important Himalayan conifer, owing to the exceptionally thick 
bark produced on young saplings and on advanced trees and to the power 
of recovery from injury possessed by plants of various ages. Saplings 
of from 2 ft, upward are subjected to a moderate fire during the slash 
disposal operations which no other species would stand. Keeping these 
few facts in view it now remains to be seen if there is any other Indian 
pine which has the same silvicultural characters as P, hngifoHa, keep- 
ing in mind its power to r^enerate itself under the unfavourable cir- 
cumstances with which ckir copes so successfully, 

Pinus khasya, Royle, is another Indian pine which grows gregari- 
ously as well as mixed with other minor species such as Rhus semidata^ 
Quercus serrata^ Myrica nagi, Pieris ovalifoHa ancl Rhododendron arbo- 
reum under somewhat similar climatic conditions on the Eastern ranges 
as P. longifolia does on the central and western ranges of Himalaya. 
It grows in Assam, North Burma and the Shan States from 2,500 ft, up 
to 8,000 ft. elevation. It is also a light demander, though perhaps not 
to the same extent as cAtV-pine and to a certain extent can also stand 
shade. There is a species of Peridermium which infests this pine which 
has not yet been properly identified. It produces marked hypertrophy 
of wood and bark which appears as burrs/' The fungus is known as 
Peridermium near cerebrum and there is only one specimen which has 
come to our hands so far. This pine, however, appears to be a resistant 
species. Economically this pine, although producing a superior quality 
of resin, from the point of view of timber may not be ranked wilii P» 
I mgifolm* It is a slow growing species and cannot therefore equal di^r- 
p ne in height growth. Several unsuccessful attempts have b^n made 
to introduce this pine on the pleateau of Central Provinces and in the 
United Provinces in Ghakargaon in West Almora and in other places 
away from its natural habitat. 

jP, emdsut W«dL and P. gerardiana, Wall, are both unsuitable as 
the former is a temperate and the latter is a dry zone species. From 
their habitat and ior silvicultural reasons these pines do not merit any 
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farther eonBideratian, These apecies will never regenerate naturally 
where P, hng^aUa thrives. 

Of the foreign pines, jnst a few species, such as P. pondmm and P* 
mizomoa, have b^n given occasional trials here and there, but nO’* 
where has this been done with a view to replace any Indian species or 
to aoclimatise them to the Indian climate, and it is doubtful if any of 
these foreign species will be suited to us sUviculturally. 

Consequently, the proposition of substituring the native P. lowjf^oKa 
with Ihese foreign species will not be welcomed here from silvicultural 
and economic points of view. Such a proposition can only be 
entertained when one has to keep his choice between two exotic- 
species. 

In a recently published work Spaulding (23) has advocated in a 
shnilar contingency the replacement of P. strobm by P. exodsay P. 
peuce and P. cembra where none of these species of pine is native of the 
United States. In India P, Tchasya is a native of the Bastem Himalaya 
and, so far as known, appears to be a species immune to blister rust, 
but such small scale trials as have been made with it have not given 
any promising restdte and the proposal of its replacing P. hngifciia 
in the natural habitat of the latter in the North Western Himalaya is a 
point which even if possible would probably be regarded by the local 
forest authorities with disfavour. 

(6) Encouragement of sdexiion system in chi/r regeneration, — The 
prevailing method of P. hngifolia regeneration in most of the Kumaon 
and Garhwal forests up till 1920 was some form of selection system, 
by single trees or groups, which resulted in uneven-aged crops. Owing 
to the light-demanding nature of pine and its tendency to regenerate 
where possible in even-aged masses such a system of selection felling was 
abandoned in favour of the uniform method. Besides, owing to the 
work being scattered the subsequent tending of the young crop in such 
areas worked under the selection system becomes difficult. The suppres- 
sion of young growth takes place and the clearing of slash and dibris 
from the uneven-aged stock also becomes difficult, CJontroHed fire 
operations and other measures for fire-protection in areas under regenera- 
tion are impossible, consequently, damage by fire is intensified in an 
uneven-aged crop of the selection type. For those and for other 
economic reasons, in subsequent working plans the selection systmi of 
working P* longifolia has been abandoned in favour of the uniform method 
which has been worked at least for 10 years in a satisfactory maimer. 
Under this system, even-age<l, healthy and uniform masses of r^enera- 
tion are coming out all over the area where felling has l^een done and 
damage by fire avoided. 
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VmM mrimi jmes of field mvestigation it has been observed that 
the rate of pine infection and its relation to difierent types of pine 
etandSf efo., ;^ntation and natural regeneration do not fallow any d^Bnite 
law. It has also been noted that vigorous saplings are as much open 
to the infection of rust as the weak ones. 

1!he plantations of Almora range, Ealunat, Baldhoti, etc., which 
com an area of over 1,000 acres are raised by patch sowings. The 
forests coosist of growth of all ages from saplings to poles. Khabdoli 
South, West Almora divisions, Sukha and Nichna, Naini Tal division, 
Kndar-Par and Deosari blocks in Garhwal division are forests where 
even-aged, healthy crops are coming up as the result of feelings in 
Periodic block I. Comparing the rate of infection in these two types of 

hngifolia forests in Kumaon, though both of course are badly infect* 
ed, it appears that the former, a plantation on shallow soil, is in a 
better condition than the regeneration of P. B. I where significant gaps 
are being formed through widespread infection. 

There are two points which have got important bearings on this 
problem under consideration, namely, the susceptible age of the tree 
to infection, and secondly, the relation of weather conditions and pine 
infection. It has been noticed that beyond a certain age the cAir pine 
proves to a certain extent to be immune to blister rust. It has been 
already mentioned that the adventitious buds 'which are one of the 
important channels of stem infection ai^ not developed after a certain 
age, at least, they are rarely found on saplings which have grown over 
15 to 20 ft. in height. The other entrance of this fungus is through the 
stomat^i near the top of the needle sheath where the sporidia get lodged. 
In the case of advanced saplings and poles the infection of the leading 
shoot above 6 ft. from the ground is of rare occurrence. In such trees 
the infection is generally noticed on the branches while the infection on 
secondary branches at any height up to 6 ft. has been frequently noticed 
on trees up to 20 years of age. As the tree advances in age, the lower 
branches are suppressed and die off naturally. Consequently such 
infection on the branches towards the base of the tree fails to spread 
on the stem. The lower branches of trees which are passing out of the 
pole stage extend outwards away from the stem. The infection of such 
branches which takes place through the medium of mature needles is 
often limited to a x^ion at a distance of 2 to 3 ft. from the axil of the 
Btmi, In this case also such infection does not generally spread on the 
main stem. The branches being girdled, the supply of sap to the leaves 
is cut off. These branches soon drop off before the parasite has a chance 
to invade the leading stem* In this respect dkif is better able to ward 
off fungus attack than the susceptible species of white pine of Europe, 
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wiere, in o<mne«tion wiili ihe ^ thn 

nWcoto. Spanlding notes (24, 26) that in Pmus st«»6«. ^ 

tiom 4 to7l8 years were kflled by tiie fchater rust. Bnt so to a* ^ 

«to pin« is concerned this important deviation has been noti^. ^ a 

certain that advanced and middle-aged trees are so to safe. The ol^ 

tree that was noticed to be attacked by this lungns was a pde ^ 

28 to 30 years. The infection took place <m a teanch at a height ol l 
ft. and the tree was girdled ‘from that r^ion. 

The weather conditions in these forests and theix telaton to pme 
infection deserve a few remarks. Air satorat^ mth 
low temperature are essential factors for natural toection. It ^ ^ 
observed that the prevalence of favourable conditions du^ ^ 
and autumn, such as cool nights and mornings with suffiotent hum^ 
are also helpful for Su-ertto infection. Similar observations ^ 
made by the European investigators on white pme blister rust (», 

26, 32). As the weather cannot be controlled the discussion my e 
confined to the other point, namely, the relation of the age of the pme 
to natural infection. 

An even-s^ed crop appearing in extensive- masses is more diffi 
to protect from an epidemic disease when the species concerned ar 
at one age particularly susceptible to infection than on imven-aged 
growth coming out in different groups. The latter class of 
Ln has certainly advantage over the former m evadu^ the attack of 
the disease so to as natural infection is concerned. From tins pomt 
of view even group selection may be considered as a 
against widespread infection of the young regeneration. But the othCT 
^e of the problem may have equally or even more weighty sup^ 
from the silvicultural and forest management pomt of view. Extrac- 
tion and sales of timber, slash disposal, controUed burnings, ete.. would 
oSm considerable difficulties in an area regenerated under the above 

'‘^^Departmenua hmdng.-The effect of controlled burning opera- 
tion either to control the disease or to help as a preventive ^ure was 
studied in the course of field investigation. The pn^ 
operation, as has already been stated, is to remove the a^t of 
of fatten needles, branches, cones, etc., which stand m the way of ^ 
germination and secondly, the removal of inflammable maten^ w^ 
if allowed to accumulate, becomes a source of serious danger from tue. 
It has also been observed that such bum^ preparatory to r^tmera- 
tion improves the condition of the soil considerably frwn a phy ^ 
chemical point of view, brings out the regen^ation in pr^ion and 
gives it an extraoirdiBary stimulus in establishing itself# Cmr seedlings 
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is imposiiMe to keep the regen«ratioQ alive. Young crops are ther^tore 
not burnt airtal they attain a certain age and even then, the intenaty 
of ^ ire is oentroUed. 

Up to thiB stoge the problem is quite straightforward but difficulty 
ariaea later on when subsequent or periodic burnings at an interval of 
two tMt three years are prracribed. The dangerous nature of the aocu- 
mnlated dash and the intensity of the damage due to fire unless the slash 
is disposed of periodically has been noted elsewhere. For the later 
tesiitosg of the young r^enaration this departmental burning sems 
eesend^ and is considered to be the cheapest way (30) of disposing of this 
dash and dibris. But whether such periodic burning is a beneficial 
operation fnnn the physiological and pathological point of view requires 
f^her observation. 

The ecological side may be left to those who are competent to deal 
with it. The vigour of the plant is lowered considerably if it is burnt 
when a young sapling. This is expressed in the shape of variotts 
abnonnal phenomena that appear during the subsequent history of the 
plant, viz., the gradual dying off of the leading shoot (Plates VI and 
YU), attempts to coppice heavily, the formation of tumours at the 
collar, the formation of blister and cankers on all parts of the stem 
affected and the subsequent excretion of resin.- The growth may be 
stopped or reduced for some time. In the case of young regeneration 
as well as in advanced growth the lower branches are often killed and 
numerous adventitious shoots appear around the stem from the collar 
up to a height of 3 to 4 ft., sometimes even up to 6 ft., depending upon 
the age of the sapling and on the intensity of the fire. These phenomena 
can partly explained as the result of an attempt on the part of the 
plant to recover as if from a great shock. It has been specially noted 
that a large number of adventitious shoots which are generally the 
medium of entry for this fungus are apparent on most of the saplings 
in the infected stands of the Niohua and Sukha blocks, Naini Tal, of 
the Khabdoli South and Qarnath blocks. West Almora and in the 
regeneration areas of Pinder-Par and Deosari in the Garhwal Division, 
The adventitious shoots do not always drop off from their base after 
they are dead, but remain for two or three years as a dried tuft of bristles 
attached to toe bark. From these dried needles the presence of such 
adventitious buds or shoots could be recognised even after the saplings 

killed by toe attack of blister rust. The plantations of the West 
Almora divimwi have not been subjected to this departmental 
firo operation, except on «ne occasion in 1921 when incendiary fixe 
damaged the plantations. In toe Kalimath ai»l Baldhoti blocks 
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the writer uOtioed a oartem amount these dried needles on tite 
saplings. 

On the stem and branches of ehir pine there always appear ring- 
shaped depressions encircling .them, whence the secondary or tertiary 
branching takes place. These rings are noticed for several years oven 
after the branches drop ofi naturally and they disappear later on ndth 
the advancing age of the tree. Branching takes place in whorls round 
this ring. Some of the initial buds develop into branoheo but othote 
remain dormant and gradually die off unless stimulated by abnonaal 
factors, when they develop into adventitious shoots with a large anoouDl 
of primordial needles. A large number of such buds is always seen on 
the stem and branches of chir pine in a dormant condition. Firo is 
one of the principal factors, though not the only one, which stimulates 
growth in them. When the leading shoot is killed or injured by fire, 
or snow, or by some other agency these dormant buds diso produce 
foliage. The injury caused to a stem by a galvanised iron wire tighten- 
ed round it produces, in the course of two and a half or three years, a 
large number of adventitious shoots (Plate VIII). These adventitious 
shoots appear when the plants are young and they are seldom noticed 
on saplings which have grown up to about 15 to 18 years age and over. 

It has also been noticed that the chir, when growing in poor shallow 
soil or in any unfavourable locality, produces a large amount of such 
adventitious buds. Excessive dryness of soil during a year of abnormal 
drought may produce a large number of these adventitious buds. 

It appears, therefore, that there are in chir up to a certain age a 
large number of buds which remain on the serial parts of the plant, the 
branches and stem, in a dormant state under natural conditions and when 
there is a certain change in the normal metabolism or obstruction in the 
movement of sap these buds develop copiously as adventitious shoots, 
and so far as has been observed, fire is one of the causes which stimulates 
them to form such growth. So far as the writer has observed there are 
excellent patches of almost complete regeneration in Khajuri block in 
West Almora Division and in Patlot Block in Naiui Tal Division which 
in 1921 were not burnt departmentally or otherwise, and in which no 
infection was present when these were visited last in June 1929. 

There is one other point of importance which deserves consideration 
and that is the effect of fire on the propagation of Swertia. It has 
already been noted in connection with the germination experiments 
that the minute seeds of Swertia drop from the capsules bom the middle 
of October till the middle of Decemb^ and after this hardly any seed 
is found in the capsules. These seeds are very minute and, even when 
dropped on ground covered by grass, moss or weeds, filte; tinongh, 
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lidipfld by oooanooal ram and other i^enoies, and nltiinat^ reach 
Hie Kol wbore they become quickly covered by a thin layer of hmos 
formed by the decomposition of f^len pine oth^; leaves and d 
grasses a^ barbs md during the autumn and winter rains by a thin 
layor of fine mioaoeous soil. This layer, though thin, acts as an efieo- 
tive non-eondactor of heat and fire passing over has practically not 
harmful efieot on the seeds. 

This statement is supported by the fact that Swertia frequently 
occurs on fire lines which are burnt every year and from the fact that 
the writer observed that two file operations in the Garkhet and Pindar 
oompaximents between 1927 and 1930 did not have any effect on the 
Swekia. Again, when Swertias appear in colonies or as isolated patches 
outside the compartment, as is often noticed in some regeneration areas, 
fire seldom reaches the source of infection. 

In conclusion fire by killing the leading shoot and lower branches of 
the saplings, or by injuring them, stimulates the saplings to coppice 
and the adventitious buds to produce numerous shoots with primary 
needles. These needles are the channels of entry of the CromHitm 
fungus in pines. On the other hand burning has no effect either to stop 
or even to reduce the propagation of the Swertia host. 

(d) Admixture of chir with other species. — A good deal of attention 
was given to the study of the nature of infection in mixed growth where 
secondary broad-leaved species have been growing naturally or introduced 
along with the chir. Of the various associates of chir where this pine 
grows with deciduous broad-leaved species the following, which have 
some economic importance as fuel producers are the most common 
Quereus incana, Bhadodendron arboreum, Pieris ovalifolia, Myrioa rtagi. 
Of these Quereus incana deserves consideration. 

To a certain extent this oak is worked as a species secondary to 
chir, deodar and blue pine. Economically it is valued for the excellent 
charcoal and fuel it yields. It is also used to some extent as an agri- 
cultural timber for the construction of ploughs and other implements. 

None of these blocks which were inspected by the writer gave any 
clue to the solution of the problem from this point of view, except the 
regeneration of Bhowali, Naini Tal, Chaubatia and Siuni, Ranikhet 
and Sihai-Devi, Almora which gave some insight into the problem. 
In all these blocks sporadic infection of pine was noted. Tbe use of 
such broad-leaved species as a wind-break to check the dissemination 
of spores did not appear to be an effective method of control. The 
distribution of Swertia in such forest where the pine is mixed with other 
species is generally scattered and infection takes place at close range, 
consequently, in such cases this method may not be of any value as an 
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witli natumi regeoeratlcai, such mtenraniag broad-leaved spocdea ^7 
fiom a vrind-break and may obeck tbe pK^^resa of inleciioii. from one 
ooOipiMrtment to another. 

Bat there are other factoie which have to be oonaideted, eooh aa 
the amount of aporidia produced on different apeoiea of Swertia. AH 
apeciee of Sv/ertia do not produce an equal number of aporea. The 
tdeuto^orea ^ 8. alata produces a greater amount of aporidia them those 
of 8. angvstifoUa, though the amount of infection on the later apeaea 
is greater than the former. Again 8. angn^feHa has a much wider 
distribution. It ia not only a species whwjh occurs very frequently in 
pine forest but always grows in greater numbers than 8. alata- On 
the other hand the spores {md sporidia remain longer in a viable oonditiion 
on Ihe leaves of 8. alata than on the leaves of 8. angtt^foUa. 

This phenomenon of the difference of the amount of sporidia produc- 
tion has also been noted in the case of Cromrtium ribicola. The uae 
of broad-leaved species as wind-breaks has given good results in the 
case of Cromrtium ribicola in America (26) where the supply of sporidia 
is not excessive, while in Europe, where Rihes nigrum furnishes a super- 
abundance of sporidia the effect of such intervening screens in reducing 
infection is not noticeable. 

In any case, the problem of the admixture of other forest species 
with <Mr deserves closer study. For this purpose several planting 
areas should be selected in the neighbourhood as well as at a good distance 
from the infected blocks and different methods of sowing adopted for 
such mixed sowing experiments, e.g., sowing of pine and oak in regular 
order, broadcast sowings of two species, several rows of pine followed 
by a number of rows of oaks and so on. One experimental plot has 
already been laid out by the Divisional Forest Officer, West Almora, 
at Katawnal . But many more plots in different localities sown in 
different ways, as stated above, each with a control plot, are necessary 
to procure any reliable data from such an experiment. The result of 
such experiments might lead to some practical su^iestion, with regaid 
to the solution of the main problem. It must, however, be realised 
that most likely species for such admixture are fixe tender and so cannot 
be raised with controlled burning. 

(c) Removed of the infected cWr and (ketruction of the meidial 9 ta^.-~- 
If after having investigated some of the methods of current sihicultutal 
technique adopted in regenerating chir pine a proper sedntion of the 
problem could not be arrived at, the eradioatirm measure now reaaams 
to be discussed as the ultimate raiouzoe to fig^ out the dunsse. Ora- 
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ittafe proved hj tEe iaocidatioii expeiimeiits of ChampioE (7) and 
o<m&toed by a large iiTimber of experimeatfl conducted by the writer 
who moculated 60 chir sapliugs with ©cidioBporee under differmt condi- 
tions, in 1^7, 1028 and 1929, without any succesB. If one form could 
be completely destroyed it follows that the other stage becomes auto- 
matically elimmated. The removal of the infected pines from the 
forest and the complete destruction of the secidiospores by bumii^ 
is the control proposed by Champion and this has been carried on by 
the forest department in the United Provinces for the last 10 years. 
This method does not appear to have been successful. To strictly 
enforce this measure and to prevent the dissemination of the spores to 
any great extent during such operation appears to be almost impossible. 
What prevents this method of control from being strictly carried out 
is that it is not always possible to burn the infected trees at the proper 
time, as they are only detected after the secidial sori have appeared all 
over the stem, and it is not always possible to burn the infected trees 
as soon as they are noticed. The escidial sori in the majority of cases 
become apparent on the trees during the height of summer, when there 
is a large amount of dry needles, grass and other inflammable matter, 
already mentioned which makes this proposition difficult from the 
point of view of fire-control. The common practice, however, in such 
cases is to cut down the tree from the collar and then to drag it up or 
down the slope a distance of several yards either outside the compart- 
ment, or to a comparatively open place where it is left for some time 
to dry up and where later on, it is burnt along with other slash and dry 
leaves. This naturally foils the purpose of the operation as during the 
process of felling and removal of the tree bearing pustules a large amount 
of spores are always disseminated. The writer himself repeated this 
operation by felling saplings in a similar manner and removing them 
uphill along the contour to a distance of 30 yards and it was noted that 
by the method of felling alone about 60 per cent, of the unopened pustules 
had burst with the result that about 80 per cent, of the spores were dis- 
charged, while others, which were already open, became almost emptied 
of their contents before the operation is completed. The saplings were 
mnoved m carefully as possible without being knocked against brambles 
and other plants as would be expected under the supervision of forest 
guards. The only obstruction ^ey met during the experiment was 
the uneven grassy slopes. The rate of spore dissemination would 
naturally be much less if the saplings were burnt on the spot as is done 
in some cases when there is no other young growth in the neighbour- 
hood of the dead pine, failing which the removal of such trees down- 
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hiQ aod thzoagli less obstruotioa en twie woiM be « bettei inelhod 
thou^ even iihen one could not avoid the dlB»nnin«ti(m of a l&cge 
ntonber of spores. Thm are other factors wMob operate dating the 
process of removal, such as the distanoe to vMoh these idants ate re- 
moved, the obstructions along the route such as bnonbles, hanging 
branches of other forest trees, bouidms and sttmes, oo&tour faces and 
so on. These factors vary from one case to another and it is difficult 
to estimate the rate of dissemination of spores during the removal ci 
snch trees. 

The following points should be considered if the removal and bum* 
ing of the diseased pine trees is to be carried through with a view to 
destroying the eeddial stage and so reducing the dissemination of the 
number of spores liable to infect the alternate host. 

(i) An endeavour should be made to identify diseased saplings 

in the held before the secidial sori appear. If this could be 
done the spore dissemination which generally takes place 
during the transport of the felled plant from the forest, will 
be eliminated. By careful observation one may detect the 
infected plants, the symptoms of which have already been 
described in details in a previous paper (3). 

(ii) The infected tree, if possible, should be burnt on the spot. 

This is perhaps a difficult matter, as the shedding of needles 
generally starts in May or even earlier on the warm spurs 
and drier slopes and the accumulated needles together with 
old cones and other debris and exuded reslu form a mass of 
inflammable material. Unless these are removed and the 
tree is isolated it would be difficult to control the fire. If 
the infected tree is a small sapling the aecidial pustules could 
be burnt to get rid of the loose spores. After this, the tree 
should be cut down with a sh^ implement and finally 
bmnt after it has dried up, in order to destroy the spores 
which are caught in the base of the pustules, in the crevices 
of the bark and in other parts of the tree. In fact, the 
drying up of the tree is not necessary, nor is it necessary to 
bum it to ashes, because scorching the bark and parts of the 
tree will kill the spores if this is propOTly done. 

^iii) The diseased saplings should be removed to tiie nearest open 
ground devoid of slash and debris with as much care as 
possible and minimum obstractkm m fovde, Patntiag 
over the secidial patches with tar, molasses or any similar 
sticky substance, before cutting and odQecting for burnmg 
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fllioiiM lednoe mks disaffloinatiDg the spores in the eatme 
<dt these operations. This has been done in the East iUmoxa 
Dmdoa. bnt not tinder controlled conditions so that the t^alue 
of the precaution cannot be assessed. 

(iv) The disseminated spores are not only lodged inside the crevices 

of the bark of the infected tree and between the needles and 
their sheaths, but a large amount is lodged in such parts of 
the neighbouring pines. A certain number also find their 
way inside the leaf-sheaths of tall grasses, on the leaves and 
the axile of the leaves and branches of woody shrubs and 
other associates of chir and are well sheltered by the branches 
and leaves of wo^y dicotyledons. They remain viable 
during the earlier part of the monsoon. It is difficult to deal 
with these spores effectively. It has been observed that the 
sscidial sori continue to appear and discharge spores even 
during the late summer that is, the end of July. The infec- 
tion of Swertia occurs through these spores. The burning 
down of the early summer spores does not help in the control 
operation very much and it is not possible to carry out this 
burning till late in the season when the forests become 
sufficiently dry. 

(v) During several years of field study, the writer noticed that 

most of the trees which appeared in an unmistakably mori- 
bund condition between October to February bore aecidial 
sori in the following season. A good many of them, at least, 
which were likely to produce the seoidial stage could be 
easily recognised in early spring and marked by a responsible 
officer. Such trees, if removed before spring, i.e., before 
the secidiospores are produced, would naturally minimise 
the chance of spore dissemination. Secondly, it is less 
probable that the ecidial spores will over-winter and still 
less that the mycelium will remain active and fructify in the 
next spring if the diseased pines are felled in autumn and 
are removed outside the compartment and finally left un- 
bumt. Consequently the burning of these trees with the 
object of destroying the secidial stage which may be pro- 
duced on them after they are cut down is reaUy 
superfluous. 

(/) Eradieaiion of Swertia and suppression of televtostage.- Without 
going much into the details of the merits of this method of control which 
is already well-known as one of the most effective methods of dealing 
with hoteroeoious rusts, let us consider how best this can be done. In 



9$ Iidtei |T03U XTtn 

eni^etkig tids smsiire ene has to guafd iipiiu»t the ioSoirag 
gencies. 

(i) The eradication of Swertia boat should proceed dtirir^ the 
monsoon when the plants are eamly recognisable in the 
field and before the teleutostage appears on them. This 
method should be completed before the capsules are mature, 
i.e,, middle of October^ The life^history of SmHia plants 
has been described in full and the approximate dates in 
their life-history have been given in sections IV and Vin{d). 

(ii) If the facilities for carrying out sueh a campaign, m., labour, 
etc., are not available during the rainy months, this opera-" 
tion should start immediately after the monsoon, by the 
middle of September and should be continued till the middle 
of December. The seeds begin to mature from October, 
depending on the nature of the locality, and the capsules 
open out from the middle of October to disperse the seeds 
and continue dispersing them till the end of December. 

(iii) In the later case, that is, if the eradication operation is started 
in autumn, special instruction should be given not to un- 
necessarily shake the plants, nor to leave them on the ground 
after they have been cut for any length of time before final 
removal. A single day’s sunshine will dry up any already 
mature capsules and discharge the seeds on the spot if the 
plants be left there for any length of time. 

(iv) These species of Swertia which are prevalent in the chir forests 
of Kumaon and Garhwal and are connected with the pine 
disease have no economic value. There is one species, how- 
ever, S. chirata which is taller and has longer and broader 
leaves than the rest, that is used as a preventive medicine 
for malarial fever. The other species, specially S. pur* 
furescene and jS. alaia are often used to adulterate the market- 
able 8, chirata, the rate of admixture var 3 dng from 20 to 
40 per cent. Otherwise, the above five species are of prac- 
tically no economic importance. The plant has no value 
as fodder. When, as is generally the case in infected planta- 
tions, it grows scattered all over the infected compartment 
and elsewhere as small fields mixed with forest grasses, 
it may be removed along with fodder grasses if the grass 
cutting is done in September and finished by October. But 
if this is done later in the season, the mature seeds would 
be dispersed more widely through this operateon as already 
explained. 
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(V) Ctf ^ Ji|)«cie 0 ot SweHia fotiad in Eamae&, naiael^, 
8. (data, 8. angu^fcUa, 8. wriata, 8. pameuleda and 8. 
purpwetemg, the fixst three tmlj are suBoepiable, as has 
been proved by inocolation experunents and natural in{ecti(m, 

% but it is perhaps not safe at the present tiine to select only 
tiiese speraes during the eradication operations as, firstly 
it will be difficult for untrained labourers to identify the 
susceptible species fnun the inunune specieB ; and secondly, 
it has been observed that in the absence of the susceptible 
host an immune species adapts itself to be a moderately 
receptive host after a certain time. The writer noticed 
in the CSiakargaon plantations, West Almora, during his 
subsequent tour in November 1929, 8. angustifolia var. 
•pulduXta and severed plants which resembled 8. a/ngustifolia 
so far as the specific characters are concerned, but with 
purplish flowers and stem and leaves, apparently a hybrid, 
which were also heavily infected with Cromrtium hmalayeme. 

(vi) The eradication of StoerHa from the infected compartment 

should be complete first and then the operation should 
be extended further up to the range of spore dissemination 
already discussed imder section VI (d). As every forest 
range may have its own difficulties, a programme should 
be drawn up for each range and every compartment should 
be allowed a three years’ term of eradication which may 
be followed by alternate years up to the ninth year, so that 
each compartment and its vicinity will have six eradication 
years by that time. Or even two years eradication opera- 
tion followed by alternate years up sixth operation may be 
prescribed, which will be less expensive. 

(vii) In connection with the operation of the eradication of the 
Swertia host the writer has the following experience. In 
October 1927, when Cromrlium Mmalayeme was first dis- 
covered 386 plants of 8. data were collected in several instal- 
ments from the Ealigadh block, compartment 2, for the 
purpose of inoculation experiments and seed collection. 
In October 1928 when orders were issued to send a con- 
signment of 8. alata to Dehra Dun for seed collection, 191 
plants in all were procurable. In October 1927, the writer 
ronoved 1,626 plants of 8. angusUfoUa, 830 of 8. cordata 
and 316 of 8. pwpure»cms from Kalimat compartments 
T and 3. It was also noted from tiie above block that 8. 
pvrfvmemi was in much greater number tiian 8. cordata 
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ami 8, eotiiOkt, thaia 8, angutt^oHa, but a iete autaber id 
piaatB oi foram two apecies were ooUeeted ao dM 
not imar tha CronatHim :togus and 0(Hmeq[Uca% w«a« of 
no use for inoculation pui^poae. In July 1928, 100 ^anta 
of 8 . mgw^dia, 40 of 8 . cordata, which were theif juat 
appealing in that forest and were about 1 to 4 inches in 
hei^t, were collected. IV<un the 1st October till the 2(Mb 
December of the same year 810 |^ts of 8. ongu^dia 
and 412 of 8. oordata were procured after a long and careful 
search brom the two oompartanents of Kalimat block. This 
shows a considerable decrease in number and the above 
species were becoming fewer every year as they were removed 
in large numbers during the previous yems from Kalimat 
forests. From a plot in Khabodi South block in Oarkhet 
range 1,173 plants of 8 . angustifdia were collected in 1927 
and a report of noticeable decrease of the species was received 
in 1928. In the year 1929 the writer who twice examined 
all the above mentioned infected blocks from June till the 
middle of November for further field work and for conduct- 
ing inoculation experiments of ehir, met with considerable 
difficulty in procuring susceptible species from the infected 
compartments in the above three localities where Swertia 
had grown in profusion during the previous years. The 
small fields of Swertia which usually occur with 10 to 100 
plants and which can be noticed from a distance seemed to 
have been become rare and one had to look through the 
grass floor of these forests more closely for isolated speci- 
mens which were here and there concealed in the tali grass, 
(viii) Although a cent, per cent, removal of Swertia is not possible 
by hand eradication, the removal of the larger plants will 
so reduce the seed crops as to be fully effective when repeated 
a few times. 

(ix) Fire-lines from which grass is removed annually or burnt 
every year and are sometimes heavily grazed by cattle should 
not be considered free from infected Swertia. It has been 
mentioned in Chapter III (b) that 8. angtatifdia and 8. 
alata with heavy infection of Cronartitm nrete frequently 
noticed on the fire-line from which the pines were apparently 
receiving infection. The other species of Swertia which 
have been described as apparently immune were also very 
common in these places. The Swertia plants cdleeted from 
the fire-lines during the different tours show oartainly a dwarf* 
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«d «r appeariipofl (Pk^ lY. figs. }, 3 and 4) aad are 

not 80 t*ll ft* tiofte growing in femt and one ^ae ^bereidm 
to examine tbe ground more closely to detect them. 

{x) Aft regfti'dft the agencies which help in distributing the Swerlio 
host, we have two factors to consider, that is, the wind and 
the rain- From the experience of three sucoeesive years’ 
field study, it seemed that Smrtia does not change its ‘ field ’ 
very often. They were seen on the same slope for three 
years in succession. From the nature of the seeds, wind 
does not seem to play any part in distributing them very 
far though it may help in their local dispersal to a certain 
extent. But they are certainly carried by the water currents 
to some distance, depending on the nature of the forest 
and its contour. Consequently, before repeating the era- 
dication operation in the following year, it is advisable 
that a survey of the infected area should be done and eradi*^ 
cation area should be plotted out every year. 

In conclusion, the writer, having examined all the known methods 
of control, both silvicultural and pathological, is practically left with 
no other choice than the two well-known eradication methods of control 
discussed above. Of the silvicultural methods, the substitution of 
chir with P. khasya, in suitable localities, the admixture of chtr with 
other broad-leaved species ordinarily associated with it and the advantage 
of selection system of dtir regeneration are points which deserve some 
consideration. The observation indicates that young regeneration 
of chir should be protected from fire as it causes adventitious budding 
and forces them to produce a great number of primordial needles which 
again serves as the channel of entry of this desease. 

The disease is to be controUed in the first place by carefully destroy- 
ing the diseased trees. Every diseased pine left standing is a souroe 
of indirect infection in the neighbourhood and a menace to the young 
stand. Every care should be taken to burn the spores and such measures 
should be adopted which will reduce their dissemination to the minimum 
during such operations. This operation should be started early in 
spring and continued throughout summer till the monsoon, if possible. 
It has been noted that the aecidiospores which are produced late in 
the season are most effective in infecting the second host and they 
remain in a viable condition longer. These spores are not always visible 
to the unaided eye, some of them become bleached by rain and the sun 
and lose viability but a great number continue to infect Bwertia during 
and after the monsoon. Unless these are completely deattoyed» they 
remain a souroe of danger for a long time, 

JE 
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The Second metihod consists pnniaadljr insnppresi^ the teleutd^ 
stage, and finally, ecadicating the alternate host. The snceess o{ this 
method lies in eacadioating i^e Swertia host before teleutostage 
appears, and secondly in completely eradicating Swertia before 
se^ are mature and are dispersed from the oapsoles. This disease 
is only perpetuate through the medium of the second host. It is 
not likely that this rust hibernates or overwinters in this coantry on 
the felled branches and trees of pine in the eecidial stage or on the dead 
and decomposed parts of Swertia in the uredostage. It is a matter 
of doubt if the sscidiospores would retain their viability till the next 
year and infect the young Swertia during the rains and it appears still 
more doubtful that the uredo^ores will remain on any part of the plant 
in spring and infect the pine. It is exfaremely doubtful that this disease 
is transmitted through the seeds of pine in the sscidial-form as no cone 
has ever been notic^ to bear this fungus nor that the uredostage may 
be transmitted through Swertia seeds. The inheritanoe of such disease, 
through seed, has not been proved so far, in case of any rust which is 
strictly heteroecious. 

The eradication of the alternate host in case of various heteroecious 
fungi, specially in the case of wheat rust, has proved a great success in 
controlling this pest. Such a measure as a control for the blister rust 
of white pines has been carried out in the United States of America, 
in Canada and in Central Europe in Glermany, Switzerland; Austria and 
Hungary, Norway and Sweden and in the United Kingdom. In spite 
of many diflScuIties which the United States and Canadian Govern- 
ments ^d to contend with in enacting the control measures of the 
white pine blister rust, namely, the perennial nature of the alternate 
host (Ribes), the phenomenon of overwintering on the pines as well 
as on the Ribes, combined with the economic importance of Ribes 
and the distribution of various species of native pines some of 
which are highly susceptible to CronarHum ribiocia infection, they 
were forced to enact quarantine laws prohibiting the transhipment 
of Ribes from the infected to the uninfected, eradicated and , con- 
trolled provinces. They have succeeded in reducing the infection 
and in bringing the disease under control. The Swertia species, 
which are now known as the alternate hosts of the chtr-pine blister 
rust, are annual herbs and as infection takes place every year, such 
contingencies do not arise. Consequently, we have, even though 
the disease has established itself and appears to be wide-spread 
throughout the young pine stands in the North and North Western 
India, an easier problem to work out in bringing tiiis pest under 
control. 
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X. SUMMAEY. 

2. Ilbe bUeter nut disease on Pima hngifdia has folly established 
itself in the pine forests of the Kumaon and Oarhwal Himalayas. The 
disease has a mooh wider distribution than has been found in other 
r^mu of the BUmalayas where pine grows either gregariously or mixed 
wi^ other species. The amount of damage cannot at present be esti- 
mated in figures but must be very high. All attempts to control this 
disease have hitherto failed. Owing to the high rate of mortality of 
young saplings, wide gaps have been formed in the plantations of the 
Almora Forest Division and attempts to fill them up by occasional 
sowings have failed. This disease has also afiect^ much young 
natural regeneration in the Almora, Garhwal and Kaini Tal Forest 
Divisions. The blister rust disease generally affects young crops 
up to 20 years of age. Trees beyond 30 years of age appear safe from 
infection. 

2. In the course of a search for the alternate stages a species of Cromr- 
tium was discovered in Xaligadh block, Kanikhet, in October 1927 
on Sioertia alcUa and in Ealimat, Almora, on 8. anguatifolia and on 
8. cordaUi. The search was extended over 45 blocks consisting of about 
200 compartments of Kumaon Forest Circle (Almora, Garhwal and 
Naini Tal Divisions) and this fungus was found in all blocks where cMr 
mortality was reported. There are two other species of 8wertia, viz., 
8. paniadata and 8. purpureacens, which though always growing close 
to the three infected species bore no fungus. 

3. The new species of Cronartium has been described as Cromrtium 
himalayense and the full technical description has been included m the 
body of the paper. 

4. During 1928 and 1929 the above five species of Steertia were 
inoculated under contiol with the secidiospores of the blister rust pre- 
viously described as Peridermium himalayenae (3) from the stem of P. 
hngifoUa with the result that within two weeks the Cronartium stage 
was reproduced on them. 8. alata and 8. angustifolia took heavy in- 
fection and (S. oordcAa took a slight infection but 8. purpureacens and 
8. panictdata took no infection under the same circumstances. This 
fungus on Swertia spp. therefore is proved to be biologically connected 
with Peridemmum himalayense. 

6. The life history and distribution of the alternate hosts of this 
pine rust, viz., of the above mentioned species of Swertia in the Himalayan 
and Sub-Himalayan tracts of North and North-Western India, have 
been described. The presence of this host has been recorded from 
practically all the forests where P. hngifoUa grows. The wide-spread 
infection of pine in these forests has therefore been correlated to the 
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widely distributed susceptible speries of SkeerHa and all evidence seems 
to indioftte f^t t)je long distance spread of this disease has b«*o caused 
by wind-bcsme seddiospores, 

6. An att«npt has been made to outljme the histoi^ <d hheW irpt 
on P, lonffifolia and its recent spread i» the fmests of the AJmoia, iSaihtod 
and Naini Tal Forest Pimons, 13ie introdiiotion of ^ hUstor rant 
to new areas has been ejiplained, so far as toe avadable data at eur 
disposal perndt, to be due to windrblown aeoidioi^ores, which infect toe 
broad-leaved host during toe early monsow rains, and the rednfsdaon 
of pine by sporidia from the germinating teleutoepores tahes place at 
close range during the later part of the monsoon and somerimes con- 
tinnes till autumn. The approximate time when the infection of both 
hosts tahes place in natiu« has be^ ipvcn. 

7. This paper deals with the dissemination of wcidiospores, urcdos- 
pores, teleutospores and sporidia from various aspects. The secidios- 
pores of Cromrtium himahyense are dry, dusty and powdery. They 
ere produced in enoimous quantities, lihe the wind-blown pollen of 
coniferous plants, and are capable of long-distance dissemination by 
wind. The uredostage is a local intensification stage and a repeating 
stage. The spores are often disseminated from one leaf of Swertia 
to another and sometimes from one group of Steertia plants to another 
and under warm and moist weather conditions produce an abundance 
of lesion locally. The teleutoetage may be regarded both as an emer- 
gency stage and a multiplication stage, whereby the fungus produces 
a large surface of sporjdia-producing cells just prior to the death of the 
host plant. Jn this form the fungus reaches its final and critical stage. 
These spores are of delicate structure which signifies their capacity of 
limited and local dissemination. Their chief function lies in the re- 
infection of pine to complete the cycle, 

8. The “ effective range ” of spore dissemination and longevity of 
the above four kinds of spores have also been considered and a tentative 
range of pine and Sviertia infection has been recorded. The problem 
of the overwintering of the various spore-forms of the fungus has been 
discussed. From the nature of the weather cemditions under which 
I he fungus spreads in these sub-tropical Himalayan forests the ncidie- 
.spores do not appear likely to overwinter. The broadfleaved host on 
toe other hand is an annual ; there is, therefore, still less likelihood of 
its overwintering in the uredo-fonn. The relation of weatoer eonditimM, 
i.e„ rain-fall, which is a factor controlling bomidity and tesmperature 
during toe infection period has been correlated to viuions degrees of 
infection of Sweriia and the production of uredo and tolfiateetogee for 
three years during which this investiptioo was contiaftid, 
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8, FmcIotu me^koda of sitvieoltaiAl teeal^nii, which are geoMaUf 
jprestjribed for the control of heteroacious eoiofetotii mstB, viz., the snbsti' 
tuti^ of the suaoeptible pine with other immaoe or less-susceptible 
natiye of foreign species of pine in these areas, the adoption of the Selec- 
tion System of forest management, the admixture of broad-leaved species 
of forest trees with pine, have been discussed. But these propositions 
have been dismissed on account of considerable difficulties that would 
have to be faced in forest management, exploitation and economy of 
this species and of fhe unsuitability of other species of pine from a silvi- 
cultural point of view. 

10. In the uniform regeneration system the area under young growth 
should be broken up as far as possible by older crops. This should 
serve as a natural control and check the spread of the disease when it 
attacks the regeneration in epidemic form. 

11. Eradication of the alternate host is recommended as the only 
suitable measure to deal with this disease effectively. The destruction 
of the aecidiospores by burning the infected pines, which has been already 
tried in the Almora plantations without much success has also been fully 
considered. The range of eecidiospore dissemination has been tentatively 
determined to be 300 yards so that a strip of this width round infected 
pine stands should be kept free of Swsrlia. A scheme has been suggested 
for the eradication of Swerlia spp. for three years in succession and 
thereafter in alternate years for six eradication years in Periodic Block 
I areas. The best time for eradication operations is soon after the rains 
till early autumn, before the Swertia seeds mature and are dispersed, 

12. The divisional authorities may find it somewhat difficult to apply 
the above method of control but the writer believes it would be worth 
the trouble. 
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KSPLANATION OF PLATE I. 


l>nLWiiig of Swertia alaia illuttiating in a semi-diagiainjiiatic xnannar the eiioeeesion of 
Cronariium infection of the learei daring the progreee of the met x|. 




EXPLANATION OP PLATE 11. 


Photograph of a pressed specimen of Swertia alata from Kaligadh oompartment, Rani- 
khet, West Aimora Division, with typical infection of Vronartium hiinala^en^e, x4. 
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EXPLANATION OF PLATE III. 


Photograph of a pressed speeimen of SweirUa anguMolia from Kalimat compartment ^ 
j^Bnora, West Almora Dirision, with typical infection of Vronartium himalagen9e, 
Xi. 




EXPLANATION OF PLATE IV. 

Photograph of proBsed specimens of three dwarfed species of Stoertia from the fire-lines 
and grazed forests. Figs. 1 and 2 Btmlia mgmiifolia from Garkhet and Chakar- 
gaon blocks, West Almora Division ; Fig. 3 Stvertia alaia from Pharkanouli block, 
West Almora Division ; Fig. 4 Stvertia cordaUi from Bhowall block, Naini Tal Divi- 
sion, / J. 
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PLAI E IV. 






EXPLANATION OF PLATE V. 


Photograph erf chir forest showing typical gaps caused by the Cronartium mortality 
(left) with some dead trees in the fore ground as compared with the well- stocked 
forest in the right-hand side of the picture. Ohakaigaon plantations, West Almoia 
Division. 




EXPLANATION OF PLATE VI. 

Photograph of Bj)ocimen8 of saplings of Pinus longijoha of different ages from 4 to 7 
years from Pharkanauli Controlled Burning Experimental Plot No. C, West Almora 
Division, the area being burnt once every year. Note the amount of primary’ 
needle-like tufts produced from the leading stem. Photographed in November, 
1929. 



BAGCHEE . — PERIDERMIUM PLATE VI 




EXPLANATION OF PLATE VII. 

Photograph of BpeoimenB of saplings of Pinus longifolia of different ag^ from 4 to 7 
years from Pharkanauli Controlled Burning Experimental Plot No. West Almora 
Division, the area being burnt twice every year. Note a number of coppiced shoots, 
the foUi^e consisting mostly of primary needles. The leading biunches have died 
due to damage from ffre. Photographed in November, 1929. 
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EXPLANATION OF PLATE VIII. 

Photograph of a Beotion of a leading stem of Pinvs longifotia, showing a number of 
adventitious buds produced artificially in the course of three years by tightening 
a galvanised iron wire round the stem ; age of the tree 7 years. Note the cut ends 
of the wire in the right-hand side of the photograph, x 






BXPLANATlOir OF PLATE IX. 

Ctlmrt fthowiiig taiofall curve ol Eanikhet (or the years 1927, 1928 and 1929. 
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EXPLANATION OF PMiTB XL 

Via, l.^!Drawing of a section of SimHa ahia leaf through afcoinata eWir!|| 9 |: a vmf 
eaily stage of inleetion of i^e fungus. The leal portion ms pkhlad 6 days after 
inooulation'jiist when the etidiatlon of the disease was evident. Note the ha^i^na* 
ilhe tin of the aoddiospore and seotions of loose hyphie in the sub«stoinatal vedcle. 
The binuoleate ceils are arranged against the e^iidermis in a regular fashion ; {a) 
haustoiia>like cells, x 450» 

Fro. 2.’^I)mwing a median section of a very young uredoeorus in the process of 
development. The section of the leaf was taken when the epidermis was slightly 
raised from the leaf- surface* 8 days after inoculation. Note the cells just below 
the epidermis are oriented with their long axes more or less pearpendioular to the 
epidemis ; (a) peiidial cells, (6) young uredospores, (c) stalk oefi, (d) basal cells, 
epidermis. x45Q. 

Fio. S.<^Di!awing of a tangential seohUm of a young nredesoma somewhat older than 
that illustrated in the previxms figure. Nm the elongated nature Of the young 
peeldlaloelle; (ah(h) young uredospores, (o) stalk cells, (3) bais^l cells, (e) epidermis, 
;<46<h 




BXPLAKATION 07 PLATE XH. 

Fio. Drawing of a median seotion of a young uredosoms slightly more advanced 
than that of Big 3. Note the hinueleate young uredospores and the disintegraiang 
basal cells. The peiidial cells are collapsing and note their early dii^tegration ; 
(a) p^dial cells, (b) young uredospores, (c) stalk cells, (d) basal oells, (e) epider- 
mis. x460. 

Fia« 2.-— Drawing of a median section of a mature uredosoms ; (a) peridial cells, (h) ure» 
doi^res, (c) stalk oelk, (d) basal cells, (s) epidermiB. x40(k 






EXPLANATION OP PLATE XHI. 

Fia. 1, -^Drawing of a median seotion a young teleuto-oolumn whioh ia produced 
thiougli an old uredosorus. Note the change of oonfigomtion ol the oelle in tran«i> 
tiom A few immature uredospores are §een in the diagram. The peiidial oeUe 
have entirely collapsed ; (a) p^dial cells, (6) nredospore mother cellB, (c) young 
teleutospores, {d) epidermis. x460. 

Fig. — Drawing of a median section of a young teleatosorus. Note the broken and 
disintegrating peiidium (a). x460. 






EXPLANATION OF PLATE XIV. 

Outline drawing of a eom|>lete toleato-oohimn produced on the under eujleoe of the feel 
of Swertia akOa. Note the germinating Meutosporee (a) producing promyoelia (6) 
and haddia (c), Semi^diagmminatio. x640. 




BIOPLANATION OF PLATE 3tV. 

Dmwing a young teleutcMsoluinn from t}io itoA of SwerHa idaiOf ftbowing only a portion 
of atom ; (a) opidennii, (6) parunoiiyi&a* (e) oambiuiD, (if) vemla. Sen^- diagram- 
matio. x540. 
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EXPLANATION OF PLATB XVI. 

1 , — T>r^wing of * germinatlxig teleutospores showing the earliest stage of knobby 
growth. x840. 

Flco. 2. — ^Dzawing of germinating promyoeliiim with the tip bearing sporidia. x d4f0. 
Fio. 3.— -Otttline drawing a promyoelium, which has collapsed alter the discharge of 
Bporidia. X 340. 

and b stages during germination of leoidiospores. x 340. 

Fio. 6.— a, B and C Otages dozing germination of spoiidia. x 1160. 

and 3 stages duzii^ genuinatiim of nredo^pores. xlOOO. 




EXPLANATION OF PLATE XVH. 

I 

Diagram representing the life cycle of OromHiitm himalaytnm. 
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PLATE XVIL 
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jAl field faiMe for Saif .fod< IKee.* "Vci, “Bsxt 111^ wee pub* 
Ikhed in 192S. fbie ’wus baaed on 115 nipple jj^ofouf wfoeb ail wera 
in tba tTxdfod Proviaoea edcnept 10 in Bengal and 5 in ibe t!6nixal Pro- 
Tinoes and no data were gcvm abeu^ ^e ^rcsmitiksual npieema^^ 
of trees <d different diameter oiaasna in a otop of girw average diameter. 
Tbe object of tbe present pnblioatton is to anpu^lenient the 1923 vidd 
taides in this respect. 

lihe stand tables are based on 412 measozements taken in 256 nan^plf 
plots, distributed by provinoee aa under 
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Tiu) four tal:^ liated bolov «ad s]|^pewtii!ig <m fdQoir^ puplP 
should oovor «fi wud inqvltraieate 

TiMe 1.— Stand table dioW!^ the p^ondiage the total iniuiibtr 
of tnes up to given wmeter Hn^ mi «e0|« of 
meters. 

fails 2.— Stand table showing the pezoeatage of the total oninbar 
of trees by 4' diameter olasses in oropO of vazioua diameters. 

TaMe d.— Stwid table showing the permtage oi the total nambw 
of trees by 4* diameter elasees Oxida&ig tfeeea bciow S' 
and (i) l^w 18* in diameter. 

foils 4.— Kumbers of trees per 100 aoras of n<nmal fmeettnndor 
rotations of 100 and 120 years, before the annual friliiigB. 

The first two tables are for use in direet oonneotion with the yield 
tables including all trees down to 1' diameter at breast hei|^t. 

The third table makes provision for the ouetomsiiy enumeration 
Ihnits of 8* and 12* d. b. h. tmd is for use in oonneotion with enimama* 
tbn data. Tables down to any other desired enumeration Mnut can 
readily be derived from Table 1 on similar lines. 

The last taUe gives the number of txees in each of the 4' diametor 
classes usually adopted for enumeration work wfaieh should be present 
on 100 acres of forest of different qualities with normal stocking and a 
rotation of 100 or 120 years. This t^le is derived fitom the yield tables 
and Table 1, or actofdly from the alignment chart ficom whkdi TaUe 1 
itself was prepared. Similar tables could readily be printed for any 
other rotations covered by the yield tables. 
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TABLE 3o. 

Shona robusta (Sigh Sorett), 
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pks,-^l) & a^piyrtUorgp of 14^ diameter, what percentage of the total number cl trees wIB be above ^ ^netewt 

Spercttsit. 

In m partial crop of Id*' awage diameter, what percentage of the total number cl trees will be between 20^ and t 
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TABLE 4 (6). 


Shorea robusta (Sigh Foreet). 

Numbers of trees pet 100 acres of normal forest \mder a rotafiou of 120 
years, before the animal fellings. 
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'Ob liMffislMy and Morpkol^ 
tooMBlMa Faibir* 

fULQOlEUDAS (HOMOFT.) 

&T 


N. C. OHATTEBJEE, B.So., F.R.EE. 

(Brandi fomt Entomdogy, Forea SeaeanA InstktUe, Dehra Dun.) 

ESTRODUCTOBY, 

VariouB workers have meationed this species as a minor pest of agri- 
oiiltuxal crops, but very little is known about the bionomics and life- 
history of E. Umenlom Fabr., more partioulariy in its relation with sandal, 
dfanfeduM aXkmm. Together with Sanma mgroclypeata Mel., this spedes 
is found eommonly in the sandal forests of South India. During the 
course of field work in North Salem, Vellore, and Coorg Forest Divisions 
this species has been found feeding by the writer on both healthy and 
c^iked sandal, in the adult and nymphal stages. It also occurs in the 
qjoantitative coUeciions from aU localidea. The younger stages of this 
specfof) axe liable to be mistaken for older 8. nigroctyfeaUi nymphs. The 
late Mr. T. N. Hearsey, Extra Assistant Conservator of Forests, Madras, 
while mgaged on spike wrak (8, 9), also found this species to be common 
on sandal and conndered it as one of the possible vectors of spike disease. 
Tramonmnon experiments with this species have been conducted by the 
writer and Ifo. Dover in the Insectary provided by the Indian Institute 
of Sdenoe at Bang^oze*. Most of the life-history studies were made in 
Afield labomtmy at Deaksnikota, North Salem, on sandal alone. 
Hr. H. Appanna, ksectazy assistmit, made observations on the periods 
of the (Brnnant stages in the iifo<hist^ and hi» records have also been 
iKWaci^fod, 

i I, Vriir-ii.i> mm i. inr i . i , .. 

• Mepsiillea miUm t mt iSn at < «*«irtws i i ai' la W M oiaia d n a Wi^ Ms mA other 
ail fo piiiiiM ia4 fotow ania^ 
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iMSi^M jroppp |p9PBfW« 




I. 'Bipmm^m BoEcasosr* 

Di^t <4) moof^aaeA cafly l^jiroitiilritoi^ ^ Itoir 

(16) liM okoBifiAd tbe mip<Br-foiniir f<]%t>Mii|#1iito fif^eck «M 

tJiie geam Evrj^rae^s is |ikced k tiife Imo^ Btgy to wiy dbA . . 


8. 3rainnrinr. 

In 1916 IKstaat (4, p. 82) ivkb xegacd to a male i^^edNsaft «cll«eted 
by Ik. T. Y. Campbell k eopiilatimi intb a immal teak, stated that 
‘* this mde specimen difieis in having the apioid azeaa d the wlag nearly 
vhollf black, with a central transverse wMte fascia. 1 take .this male 
specimen to be a varietal f<»m of this very variable 6pe(^ **. Hothiag 
is mentioued about the general odouratiou of the body or ctf tbe tegmen 
of this male specimen. 

All the specimens previously identified as E, iomentoBo Fabr. in the 
Forest Besearch Institute collections are females. !rhe fact that the 
dimorphic forms of one species have been consid«»d and deecribed 
as three distinct species, and their relationships remained undiscovered 
for a period of over seventy-five years is remarkable. During the course 
of the present investigations three distinct forms have been reared from 
a batch of eggs laid by one fmnale. Further, the smaller male form with 
tawny brown tegmina has been seen in copulation with the larger greenish 
olivaceous female form, both in the field and laboratory. 

Hearsay, it appears, was aware of the fact that the male was different 
in colouration from the female ; and took a pair in copulation from a 
succulent riioot of Cassia fistula at Aiyur on the 19th October 1916. He 
also caged seven females and three males on the 17th October 1916 on a 
sandal tree. On the 17th November, all the males and females were 
found dead ; but a large number of young nymphs were seen by him on 
that date. On the 9th March 1917, one njrmph was found to have trans- 
formed to an adult male, and it was of pale brown colour throughout. 

In 1906, Distant (4, p. 223) stated that “ this is a most variable — ^both 

in size and cdbur — species to identify. In faded specimens 

the tegmina are ochraceous, with the fasciae only a litile paler and snbob- 
solete. In some these fasciae are testaceous, in others macular and much 

broken There appears to be a variety with the leg a eoncoloy. 

ons.” In a large number of specimens collected by the writer in the 
field, and also in the identified examples now present in the oo&fictlon 
of the Forest Besearch Institute, the fdlowing variationB in wmrfrmg 
and colouration of the/etnole are observed : — 

(а) T^mina olive green with fiavesoent discal fasciae and 

(б) Tegmina olive green with reddish-orange discal fasciae which 

may be broken or continuous. 

(c) Tegmina vireseentiw stramineous with pakdhmalilsciiMi, 
Tepuiua oclunoemu wi& reddish-oxungc dite fiwte ' 






^ df A taiiMre ^fraen iund «idbci»efloii$ tni3te(i£ 

fiUKaM. , 

l^pqwA w}i«3ly iMdinMeawi vitkont dtesid aasd apote. 

0) Ihm, Maotom and mesottotumi dive gireea. 

(i) BWse <uve gxeen, pnmotnm and mesonotnm xed. 

{jti Wtm ochraoeous or htamx^ ftonotom and maaonetniu rod. 

(i) Posterior log not black <« Iosooub, bat tod like tbe (uitetioT or 
intermediate lege er xeddisb black. 

BpeoimejB of males, bred in the field labontory, tdly witb Distant’s 
deserq^ons of both J^toy&rochys apicaUs WQc., and E. dilatata Wlk. 
With regard to the later species Distant (4, p. 224) states “ it is quite 
possible that this is only a varietal form of E. apusaUs Wlk., but at present 
there is zm mote reason for that ooimlusion than there is for its specific 
distanotness which at least seems more probable In a few examples of 
B. apicaUs Wlk., and E. dUatata Wlk., recently identified by Mr. B. 
Ovarov throi^h the courtesy of the antiborities of the British Mtmenm, 
it is found that examples with sanguineous legs have been identified as 
Ew^fimuihys apicaUs, and that ted colouration at the base of the abdo- 
men is present in all the specimens identified either as EwybmtdiyB 
batata or E. apiodUi ; while according to Distant’s descriptions " legs 
and base of abdomen sanguineous ” is to be seen only in the case of S. 
dUatata. Moreover the rostrum, in all the examples identified as E. 
apiocMa, is not “ piceous 

In the male forms reared from the same batch of eg^s, sanguineous 
otdouration in the legs, t.e., E. diloMta type, is present in some eTAwipW 
while in others the legs are fuscous, i.e., of E. apiocdis type. The base 
of the abdomen also varies in coloration ; some are without the red. 

Exonunations of a Imrge number of specimens from field collections, 
(pecimens present in the Forest Besearch Institate, and also bred 
examples, show the following variations in marlring and colouration in 
the mcde. 

Tegmina pale tawny brown or speckled with fuscous in all cases with— 

(a) Bostrum fuscous with no red colouiatioa on 1^ or abdomen. 

{by Bostrum fuscous with red colouration at abdomen only. 

(e) Bostrum fuscous withzed cdoUiatiou only at the third legs. 

{dy Bostrum fosoous, third leg not blaok, base of abdomen onfy^ 
spni^uneous. 

(dy Bostaimn fuscous, with both legs and base abdomen sangui- 
neous. 

(/) Bostrum poeous with red oohmmtkHi at abdomen only. 

Boishemn i^oeous with both legs and base of abdomen aangul* 
nernm, 
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M. ojmxtJw vasdewiAadl^rWiiAnrittJUil 
and JSl SSkHKHf wvfrdwHriM I 17 tib»,mBi)ier ini^inr Jk MmL JbMi. I/, f .,916, 
also in 1851. < 

¥ttm t&e S', aptea^ is tlio naiie, tmi W. tememfim h tlie 

female of one and tike same specieB. S. cMhuiau WBb ittargM ioi* S. 
apicaiis Wlk. beesnse of petgt frw r it y. M tte a^wnifie mam' tmmtma 
Fabr. is older and desenbed Fabcienis in Spt, SnSm. U, p. SM, in 
1775, t&e names apieafis Wlk., and dffaio WUc., siliie m i^en^BNB of 
tonvmtom Fabr. 


3. ZhsmmjTKwr. 

Bombay ; Bangalore, Cbikkaballapur, Mysore ; Handwatota* 
Peradeniya, Ceylon ; Filgiri Hilfa ; North Bengal {Distant). Auzan-* 
gabad ; Dhulia, Surat, Bombay ; Godarwada, Nagpur, C. P. ; Penn^* 
konda, FoMbetta, Madras (FLBTcasit). Aiyur, Coimbatore, Denkani^ 
kota, Jawalagiri, Nottur, Nilambur, Noganur, Madras; Fraaerpet, 
Cootg; Poona, Bombay; Blaigarb, C. F. (Fobkst Rbsbabcu Insti- 
tute). 


4. Food-Flants. 

AJbizzia hbbek, Argy^eia cuneata, Cassia fistula, Cipaiessa frutieosa, 
Eheodendron roaiywrghii, Sanialtm album, Seutia wdiea, TermmaUa 
tomentosa, Vitex negundo, Vitis sp., Zizyphus jujuba, Z. oenopUa, Z. xsfia- 
pyra (Heabsey). Hibiscus esculenius, and other Malvaceous plants 
(Lspboy"). Caheropis gigantea, Cotton, Erytbrina lithoaperma, Hibiscus 
eacdentus, Zizyphus juguha, and various Malvaceous plants, (Fletohbb). 
Oajanus indious, Caiotrapis gigantea, Crotoiaria pafticuiata, Dichrostackys 
cinerea, SarUalum album, Zizyphus oenoplia (N. C. Chattebjee). 

6. Economio Status. 

This fulgorid is less common than Sarima nigrodypmta and is found 
feeding on both healthy and spiked sandal, in the sandal forests of south 
India. E. tomentosa is injurious to sandal both as adult and nymph. 
The effect of feetfing of isolKtod iniMvidindB on sandad is not c O Mpie M ons, 
but when present in large numbers on a satndal bramdi for a piok»^;ed 
period, the growth of the shoot is cheeked, tibee leaves may wither and be 
shed, and young shoots and twigs may bo kHed bach as a result of drain- 
age of sap. In the insectary, one year old sandal see^a^ were found 
to idled tho leaves amd ^ op, as a resolt ei ^ feedhlgof indi- 
viduals within ten weeks. E. tomentosa, along with otlw sandid Homo- 
ptera, is a contnbatory factor is mwktg generai opmiBllSim of atag- 
headnesB of sandal sostt in the sandal f o r e s ts of AvAms, and 

Mysore. 
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BeAitt . — On hatoMog feton egg, tite sTfiopitt xemaiii e(mp!e(pi>ti6A 

•for wnoe lime near the e^ olost^rs, and after twenty font to forty eight 
hoar* become aoiave, spread oat and run over the sandal plant for purpose 
of feedmg. idtcer snovinf np sod down for » abort time the i^mph 
seleots a at ^ axil of leaf or shoot, where it &cm iteell tenpetal^ 
aatd sadis sap. !Fhe yoimg nym]^ may also be seen on tender shoots or 
nademeath a new leaf. The i^mpl^ of the iBsst, second, and third 
iiutaBS, snok sap hrom leaves and tender green shoots ; while the older 
nymphs and. adnhw, feed on both green ai^ suberised dioots of heaitity 
and spiked sandal. At places on both green and suberised shoots, where 
the adults and nymphs, have imierted their probosces and fed, a small 
dark mark in the shape of a ring is kft, which is perceptible with the naked 
eye. The proboscis penetrates at right angles to the stem, *Jid while 
feeding the nymphs have the habit of wa^^ing the tail or the anal brurhes 
sideways. 

The nymphs of the second, third, and fourth instar are not so restless 
as the nymph of the first stage. The nymph of the fifth instar is most 
active. Besides the power of jumping, the nymph in aU stages is cspalde 
of walking forwards, backwards and sideways. Whoa approached, it 
at once tries to hide itself, by slipping round to the opposite or shadier 
side of a shoot or leaf or jumps away. The uymph when about to jump 
from one shoot to another is seen to raise the anal Imishes, and to wave 
them from side to side. After six to twelve hours of moulting, the adults 
are able to move about actively. The male is more active than the 
female. The least touch or disturbance sends the hoppers jumping about. 
The female, during the period of oviposition, is very sluggish in her move- 
ments owing to the weight of the eggs, and can Ite easily caught. The 
nymphs are provided with two bundles of long, curved, brownish white 
anal hairs, which they carry about in an erect position, with the apex 
of the abdomen lifted. The lower or the basal portion of the anal brashes, 
is stuck together hard with a waxy secretion, and appears as two project- 
ing browni^ ro^ at first. The apical portion of the anal brush, is loose, 
hairy and free. The nymphs have the habit of beating the surface of 
leaves, shoots, branches, and stems on which they happen to be with 
their anal brushes. They ako have the habit of carrying the anal hairs 
rij^t over the back, and moving them slowly sideways and up and down. 
1%eanal hairs ate very fragile and are soon broken during capture. 
Dating the process of excreting the honeydew the bundles of sensory anal 
hairs are thrown wide apart, and a clear droplet of viscid fluid is ejected. 
When the honey dew is thick on the leaves, it imparts a shining appear- 
«uoe^ and ante ma^ be sees lunnmg. up and down the phut amd Seking 
sweMit mcewtien. M. Ummtom does uot seem to be imich atfiranled 
to l%ht ht sl^t. Only a few odd speouBens have been token ai lE^t. 



6 {TOft. XfHt 

At the time of hatohiag of eg^ bqftii the male and tiie female am yfWf 
often semi near the eg^g dnstou. 

7. CoFOijmOH. 

Oopnlation takes place in the nsoal hemiptmoiu fa8hi<m doiii^ the 
day on a leaf, on the shoot or on the bole of sandal, tiie heads of the male 
and female lying in opposite directions. The penod of copnlatimi lasts 
from three to four hours, and in some oases it was noticed to exceed 
thi^ time. After copulation the female wanders all oVm the plant to 
select a site for egg laying, and the male is always found near the female. 

8. OviPOSinoN. 

The female E. tomentosa six days after copulation, is seen to secrete 
a white flocculent matter*, from two wax pistes situated above the anal 
aperture. This flocculent efflorescence gradually grows into a barge mass 
on the third day after appearance. On the tenth day after copulation 
the female begins to lay eggs. When five to eight eggs have been laid, 
the pair of fulvous, hairy, hatchet shaped external genital organs, which 
are situated near the anal aperture, begin to work and bring down a 
sufficient quantity of the white flocculent efflorescence from the wax 
plates, and spread it over the eggs. As soon as the eggs have been covered 
with the flocculent material, the female extrudes other eggs, which are 
caught by the external genital organs, and laid by the side of the previous 
eggs. When five to eight eggs have been laid ^ain, the process of cover- 
ing them with the white flocculent material is repeated. 

9, Site op Oviposition and Ndmbee op Eggs. 

The female oviposits on the surface of leaves, on the bark of shoots 
and branches, and also in a notch on the bole of sandal. The eggs are 
laid in elongate oval clusters, each containing 30 — 42 eggs at a tune, and 
as many as six egg clusters may be laid by one female. In each cluster 
the eggs touch one another, and the space covered by the egg masses on 
leaves and bole, varies from 10 — 16 mm. One bred gravid female was 
dissected and the number of eggs contained in the ovaries was counted 
to be 194. The female always covers the egg masses with a thick mat 
of white flocculent efflorescence. The covered up egg masses are rathm: 
conspicuous, and the white flocculent material is probably intended as a 
prot^tion against the inclemencies of the weather. 

10. Dubation op Incubation Pbmod. 

The shortest time taken for the eggs to hatch was fifteen days in 
month of June, at a mean temperati^ <A 82°F., while the longest 


* Seepage 2S for obiwniaal maiBiiwtion of thli material. 



of 

7h° 7. ^Clie aT«nge tiseie lecoixUi is 18*9 days liefe^'een toxm 

^eia^«»»ttttes of 79°F— 87*^, dutmg the months of Ma 7 , June and Angosh 

11. Hatohino. 

The nym^ mnerges by making a slit at. Ihe sides of the egg, mth the 
hdlp of posterior legs, which are provided with toothed trodumters, 
as is seen in the case of Sarima mgrroclypeata Mel., and also in PyriUa 
(Aemms Kirby. By rubbing the toothed trochanters against the chorion 
of the egg fr<Mn within a slit is first made, and is further widened by the 
stout spines on the tibia and tarsus of the third legs. The first to come 
out are the head and rostrum. The emerging nymph moves to and fro 
by which means the yolk membrane is gradually brought down the 
thorax, abdomen and legs till the body is entirely free. In one observa- 
tion the total time taken for the nymph to emerge feom the egg, was 
found to be one hour and thirty-five minutes. 

12. DrmmKNT Staoes in tee Liee-History. 

Ihe nymph undergoes five moults during an average period of one 
hundred and one days, and then becomes adult. The nymphs are gre- 
garious only for a short time in their early life, when they are often 
attended by the parent hoppers. The time spent in the different stages 
of the life-histozy is given bdow. 

First Nymfhal Staob. 

The shortest time taken to moult from the first to the second nymphal 
stage was 18 days in the month of Jime, at a mean temperature of 83°F ; 
while the longest time was 24 dap also in the month of Jime, at a mean 
temperature of 83T. 

Two individuals moulted in 19 dap, in the months of May and June 
at mean temperatures of 84°F and 83°F ; and a third moulted in 20 dap 
in September at a mean temperature of 79°F. The average time of 
twenty-three records is 20*8 dap, during the months of May, June and 
September, at mean tmnperatures varying between 79°F— ^°F. 

SxooND Nymfhai. Stage. 

The shortest time taken to moult from the second to the third nymphal 
stage was 18 dap in June-July, at a mean tmperature of 77°F ; and the 
longest time was 22 days, at a mean temperature of 79°F, in the monlb 
of Inly. Three individuals moulted m 20 dapt during June and OctobeTt 
. at mtan t^mpeiatuies of 83*T, 7€”F and 77‘’F ; while one moulted in 21 
daytibitJuIyataineantmBpemtnNofTl^ ThearmagatimeofthBty 



JuI^^cimI 0a(nhw!, il 

WMA tawfiwta^ ’tmfim IwdVMra 7S*S'--^‘V. 

Thibo Nthbeal 

The Bhovtest tame token to iigwiilt from t^eibiirdi to tibie frnittfr btsb^aI 
fltoget, wM 20 days in Jnly and Ootober, at mettn fra^Ka»toea of 70*'F 
and 7^7; and the longest time was 23 days, in tfrempn^ ot Angoat, 
at a mean tmnperatore of 79°?. Three indindnafr moiolted in 21 ^yv, 
dnring August and October, at mean ten^[>eratuiee of 70® and 78®F. 
The average time of thirty-six records is 21*1 days during the months 
of July, August and October, at mean tonperatures varying between 
78®r— 79®F. 


Fourth Nymphai Stage. 

The shorteab time token to moult from the fouxto to the fifth nyn^hal 
stage was 19 days in August, at a mean tem|>erature of 79°F ; and tfre 
longest time was of 22 days, in the month of November, at a mean tem- 
perature of 73°F. Two individuals moulted in 20 days, in Jtily and 
November, at mean temperatures of 78°F and 7t°P ; while three indivi- 
duals moulted im 21 days, during August and November at mean ten]|>eia- 
ttires of 79®F and 74°F. The average time of twenty-seven records is 
90-6 days daring the months of July, August and November, at mean 
tomperatures varying between 73°F — 79°F. 

Fifth Nymphal Stage. 

The sborest time taken to moult from the fifth nymphal stage to adult 
is 19 days m the months of September and December, at mean tempera- 
tures of 78®F and 71 °F ; and the longest time is 20 days in September 
and December, at mean temperatures of 79®F and 71®F. The average 
time of twenty records during the months of September and December 
is ]9*6 days, at mean temfwraturee varying between 71®F — 79®F. 

13. Moulting of Nymphs. 

When about to moult a fine rupture appears from the vertex to the 
base of metanotum. The emerging nymph or adult slowly crawls out, 
and the moulted skin is always left attached to the undersuiifroe of leaves 
or on bark of shoots by tfre kgs. I^e moulted skin is devoid of anal 
hairs. The entire process of moulting from one stage to motitoc onmpiea 
forty to fifty minutes. 


11 liOrs OB Adwt. 

Ib rninam the imago of S. Umentom Fak:., should havo « maximuim 
life of ouar two awths . Ineaftmlyoai^sfresomfroi «fr#]ifol|ivf% 



•'9 


' liiliii 'iii:to, i i iii i ^^ ^ Anys. 

;''t!to.»fiiiit> Jttpliwi <1 Hfe i»*|-<iNi 4ttf». 

IS. IteoDiraaT Aim 

'1Bh»'lww<l8' ke^ptir insiteett cA>aerred to lay M— 4S ^gs at a tiese 
1^ 4i» *481111 «fli@«|g|p. Oewits la tk« ovams of a %«efl gMtid 
baw also lieea made, and a total of 194 eg^ have been found m tlimn. 
Tbe sex ratio based on reared ookmies inside sleeves is 1 ; 1. 


IS. Dusanoir or Lutb-^Itoije. ^ 

1(%e foUomog table stunmarises the time variation in the stages of the 
fife-ejrcle : — 


Stage. 

Hhoiteet , 
period 

Loi^geat ^ 

period 

Avenge 

period 

<Oitys). 


(4»r4- 

Firit Instar 

. 

15 

18 

21 

24 

180 

20*3 

Second inetar 

«... 

B 

22 

10*9 

Third initar ^ 

• • . • 

20 

n 

211 

fbartii^iiiitar 

« • • • 

IS 

22 

20*6 

mSi ixitar 

. 

m 


lSi8 


Total 

i 

m 

mm 

120*3 da;^ 


In a total of one hundred and forty-four records of the period 
«fdeedb|w»aBt of the yeriags Images, the diffeimmeh^tmeepitbe ahortest 
and the longest periods frem ovipositiiea to «d«dt is 23 days. The average 
time is of 120‘S days. 

17. SvyBov oy TBiU’ciiU'naitB m DsyaLopifSNf. 
file avaiiabie records me oonsideFed to be sufficaeBt, to focm a very 
aeowate idea «( the dfeet of dhnatae variatsoBs on the develi^BMBt 
of this species throughout the year. Only two broods Imve been osniied 
tihFough. Moot of 4he traasfwmatkms of difier^tt otc^ges tehee place 
between dfiteea to tweniy'lewr days, at moain tonperatures varyuig hrem 
Amag the months «f April to Deoead»er. 

Ode oeeond stage nymfdi took twenty days to motdt to the third 
Ota^, at a mean tempe^ure of Td^f, duzmg Hepteaedier-Ootober ; whfle 
ano^ier took the same tiaae at a mean teniperatese of SS'^F, dmang the 
nMntinnflfay'drune. AiilAatiageayai^rBMitedtea<bdt8te|p^ 
Mie y wd b m Po e ea^ ^ in twmrty days nib a mean of ; 

niMto. diwPm io(^ tlw lime ti^ # * enean 
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Itom «^v® ^ k iofened liiat variattens in ^ ^ ot vmrm 

^ temperatee as is expanabeed at 
Benkanikote, North Srfeia, is within ihe aon-^ffeotiTO^^ hamd 
.^han^^twonld be prod^on Oie rate of iJeveh^anant 
^yeiff ^ to»»c»to«o is tiieteftae oonsid«rad to be adlrs 

18. Numbbe of Qbnbrationb. 

AHo^ a fortnight for mating and matnration of ihe egg, 
It 18 « » nnnmnm of 109 days, combined with an aYeraw 

V *^7®’ ® ^ generations in a yew. 

As the adults hve for oyer two months, and the egg laying goes on iot a 

long tune, the generations overlap, llhder insectary ^n^ns only 
two broods Imve been actually carried through. The first brood is durini 

January to April, or earher, vide Hearsey's records onp. 2 ; the seooM 
IS during May to August, and the third during September to December. 

19. Biono PoTBUTiAi.. 

Assu^ that the egg laying capacity of this ^ies is 194 eggs per 
female, the sex ratio is 1 : 1, the number of individuals produced frL 
one egg is one, and the number of generations per year is three, then 

with . .bgfe pair i. 

20. Seasonai- Iboidenob akd Relative Abottoanob feom Quaotita- 
TIVB Am) PlBLD CoiiLBOTIONS^ 

Of the total catch of E. tommtosa Pabr., in the quantitative ooUeO- 
tions, t^ Aiyur sample plots yielded 63 per cent., the Kottur sample 
gets 23 per cent., the Jawalagiri sample plots 20 per cent., and the 
Fr^rpet sample plots only 3 per cent., fig 1. In percentage of the 
total catch m one year, the relative abundance of this ^ies in the 
diSerent plots is as follows : — 

Fraser^t plot No. 1=0, No. 2=0, No. 3=0*6, No. 4=1-9, No. 6=0-6, 

V®' No. 9=0, No. 10=6-7, 

T?’ ikIj plot No. 

w *^01 ’ ^ No. 18=16-4, No. 19=4-4, No. 20=3-1, 

No. 21=6-9 ; Kottur plot No. 22=4-4, No. 23=1*2, No. 24=1*9, No. 
26=5, No. 26=0-6, No. 27=3-8, No. 28=6*3. 

The ^c^is abundant in the Aiyur sample plots, pL 2, fig. 1, more 
so in the hwHhy plots 18 and 16. Its abundant in Lhea^ spiked 
fio** »w« %l»er than in the healthy plots 16 and 17. In the spiked plot 
20, where the soil was dug up and manured, its aMmss is the same 
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jn tlie 16, B<ii% 4ymp])s wad adnlte oocar tlu»mg^ba«it 

July to Fdbmwiy next. In KottaJp tho species is present in all Hie sample 
Imt is less freigfnent in tbe Iteultliy plots ^3 and 24, and least frequent 
in iha spiked plot 26. Both nymphs and adults occur throughout Mfuoh 
to Noventher, pi. 2, fig. 2. In the Jswalagiri sample plots, it ia entirely 
ahsunt m the spiked plot 9, in which the ground was dug up and the 
spiked trees were removed every month ; but most abundant in the 
spiked |dot 14, where the treatment was more or \em the same as in plot 9. 
This species is probably actually most abundant in plot 10, which was 
completely burnt by fire in April 1931. The figures represent only seven 
months’ collection in this plot. At Fraserpct, it is most abundant in the 
spiked plot 4, and absent in the healthy plot 7. It is absent in sample 
plots 1, 2 and also in healthy plot 6, in which the soil Was dug up and 
manured ; but the number of individuals in the Fraserpet sample plots 
is very small. 

The graph for seasonal incidence, pi. 2, fig 3, shows that there is a 
gradual increase in abimdance from March to May with a fall in June 
and July. The population increases again from July to its highest level 
in October which is followed by a decrease to February, but the popula- 
tion is less abundant in the months of January to March. 

The incidence of nymphs follows much the same trend, indicating 
the seasonal development of three generations, b,ut at certain periods 
the nymph population considerably outnumbers that of the adults. 

During the period April 1930 to December 1931, a separate collection 
of over three hundred E. tomentosa, was made on sandal from nxunerous 
localities by sweep-netting. The monthly totals do not show any marked 
seasonal variation , and both adults and nymphs occur each month. Both 
the field and quantitative collections confinu the conclusion that this 
species is active throughout the year. 


21. Night Cou-kctions. 

During ttie period October to December 1931 ooUectious on sandal 
were made at night by field assistants in Denkanikota Range for one 
hour on alternate days and out of a total of 250 specimens of Hemipteta 
obtained, E. tomenkm represented 4 per cent. 

22. Mospboi-ogt. 

(Description of various stages pi. 1, figs. 1-19.) 

Egg (Plate 1, Fig. 1). 

The egg when freshly laid is greenish white in colour. Within twelve 
houti, the colom* of the egg changes to light green. On the sixth day, 
tin ookw cheiB(|e8 to greenish brown, and on the eig^rii day, it hecoinea 
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dark bzb^. On the twelfth day the attaine a bmwntsh blank 
oolontation. 

It is ovid, bzoad at middle, «3igh% curved inwacdlyi with a sbort, 
pale-brown, dark-tipped, pedicel at the anterior wd, and a davk, hhmt 
point, at the posterior end. CSumon perfectly smooth. When e:rainin^ 
under the microscope it is seen to be covered with a whi<^ bhxOT. 
Length 1*26 mm ; breadth 0*76 mm. 

Fibst Sraas Nymph. 

A freshly hatched nimiph is dirty white in colour, within two and a 
half hours it becomes Ught brown, and by the end of three hours attains 
the general brown colour above and pinkish pale brown colour below. 
In fmsh specimens, a whitish line bounded on either side by a pale line, 
is seen to extend dorso-longitudinally, from the vertex to end of abdomen, 
but these markings are liable to fade away. On emergence from the 
egg the nymphs are devoid of anal hairs. After twenty-four to forty- 
eight hours, two brown projecting rods become visible at the end of 
which the anal hairs appear to grow. On the sixth day the anal brushes 
are fairly prominent. On the twelfth day the ratio of the length of the 
body of the nymph to the length of the anal hairs is about 1:3. 

Vertex small, subquadrangular, broader than long, angularly em- 
arginate at base, ampliated posteriorly and at sides, colour dark brown, 
a little portion at apex whitish with a fine median carination. Face 
brown, flat, slightly broader than long, angled at sides, angularly ampliat- 
ed with three transverse pale or white fasciae, a curved fascia below 
apex, one below middle and a broad fascia at base ; the portion between 
the upper two fasciae darker, with a double series of globular, translucent, 
sensory pits at apical and lateral margins, and four sensory pits on the 
basal fascia, two on either side, PI. 1, fig. 2. Glypeus brown, stout, 
convex, smooth. Rostrum dark brown, hairy, reaching upto the third 
trochanters. Compound eyes red, covered with a white film. Antenna 
brown, short, cylindrical with a pale stripe on the second joint dorsally. 
Fronotum, smaller than the following two segments, mottled pale and 
dark brown, anterior margin ampliated, angularly produced in between 
the eyes with a fine medio-longitudinal ridge, and a series of 10 globular 
translucent sensory pits each with a fine seta, |daoed obliquely in two 
rows on either side of the median ridge. Mesonotum brown or dark 
brown, sinuate antmorly wifh 4 globular sensory pits, each with a minute 
seta placed on either side of the median ridge, two placed near mid^e 
and two near lateral maigins. Metanotum dark brown, tricarinate, 
angularly produced posteriorly, posterior tip whi^, with 3 ^obakr 
sensory pits each with a fine seta placed on either ride of the median 
carinations, two near middle and one near latenri margins. Legs large, 
hairy, mottled white and pale brown ; tibia of posteriot leg with 4 casta- 



meow «i Apex ; tarai ti'«ro*]<Hated ia aE. lags, firafe tacsal jaitit 
of Ibe tliM Idg 'n^h 3 spinas an^ t spmala at apes. Abdomen witb sevan 
disecniafye segments, broad at base, tapering posteriorly witb tbe 
membcaPfi ia between a^;mmts pak and pale areas on tibe dorsal surface, 
B^mt abdontinal segment transversely smaller rium tbe second wbieb is 
broadost ; sixib abdominal segment is longest, and the apparent seventh 
abdominal segment telescopes into the sixth. Third, fourrii, fifth and 
sixth abdominal segments each with two globular sensory pits, one on 
eithw side near lateral margin on the dorsal snifaoe, and a pair of pale 
brown patches on the ventral surface. On the apparently seventh abdo> 
minal segment, round the iimer margin of anal aperture, there are 8 
globular sensory pits with two orbicular spots on the outer margin. In 
pinned and pickled specimens the sensory pits on face, thoracic, and 
abdominal segments look like small pale or yellow globular tubercles. 
Two small, circular, white pads are visible, one on each side of the 
apparent seventh segment, above ihe anal aperture, &om which the 
whitish brown anal brushes develope. Besides these, are present two 
elongate membranous wax plates, one on eith^ side of the circular pads. 
The anal aperture ia vertical. Length 1*26— 1*76 mm ; Length of anal 
brushes 4 mm; greatest breadth over thorax on the metanotum 0*8 
mm — 1 mm ; breadth between eyes 0*6 — 0*76 mm ; length of antenna 
0*6 mm. 


Sbconb Stagk Ntmph. 

In recently moulted specimens, the white and pale brown lines, 
extending from vertex to end of abdomen, as seen in the first stage nymph 
are present ; thorax whitish pink beneath, abdomen pinkish brown 
vcntrally with two brown patches on the third, fourth, fifth and sixth 
segments. General colour in mature specimens dark brown above and 
pinkish brown beneath. The anal hairs are shed with each excuvium 
and their reappearance in the second stage takes the same time as 
described in the case of the first stage nymph. On the fourteenth day 
the ratio of the length of the anal brushes to the length of the body of the 
nymph was found to be as 1*5:1. 

Vertex small, brown, broader than long, emarginate posteriorly, 
anterior margin pale, a little produced in front of the eyes, laminately 
dilated at the lateral and posterior margins, with a fine median carina- 
tion* Face brown, flat, angled at sides, sinuate before clypeus, distinctly 
broader than long, with three pale white fasciae, one fin© curved fascia 
above middle, another just below middle over the broadest part of face, 
and the third broad fascia at base, with a series of globular translucent 
sensory pits, at the apical and lateral margins, and 6 sensory pits on the 
besal lasoiia, three on either side ; the portion of face between the upper 
two faseine darker. Clypeus dark brown, stout, convex, smooth^ 

b2 
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Bostruin dsrk krotrn, kiury, reftchiog vp to the ihttd trodiaat^. Ccnn^ 
pound eyes tod, with a kteml thin edged triangtihui tuberele, withto«t 
facets, tituatcd near the antennae. Antenna brown, second joint stoat, 
robust, cyHndiical. Fronotum mottled pale and brown, with a fine 
medioHloiso-longitndmal csrinatibn, anterior mazgin angtdarly prodtused 
m between tbe eyes, posterior margin also anpdariy produced with 16 
sensoey pits, on either side of the m^an ridge placed obliquely iu doaWe 
row. Mesonotum brown with a paler area at middle, about twice as 
broad as pronotum, tricarinate, posterior margin angularly produced, 
with 16 sensory pits on either side of the median caririarions, placed in 
two groupe, one of sevm near middle and another of three near lateral 
margins. Hetanotum dark brown or black, faintly taricarfinate, anterior 
maigin sinuate, posterior margin angularly produced, with 8 sensory pits 
on either side of the median oarinations, placed in two groups, one of six 
near middle and another of two near lateral margins. Lep large, hairy, 
mottled dull white and brown, tibia of posterior leg with 7 stout spines 
at apex and 6 other spines between the base of tibia and the apical iq>ines. 
Tarsi two jointed in all legs, the first tarsal joint of the third leg with 3 
spines and 4 spinules at apex. Abdomen as in the first instar. First, 
and second abdominal segments without sensory pits ; third, fourth, 
fifth and sixth segments with a pair of globular translucent pits, each 
with a minute seta one on either side near posterio-lateral margins. Two 
circular white pads, are seen on either side of the apparent seventh 
segment, above the anal aperture from which the whitish brown anal 
brushes arise. Besides these there are present two membran<*nu8 wax 
jdates, enclosed in chitinous triangular rinp, one op cither side below 
the circular white pads and lateral to anal aperture. The anal aperture 
is vertical. Length 2-26 mm— 2*75 mm ; length of anal bmshes 4-25 
mm ; greatest breadth over thorax on the metanotum 1'75 mm - 2 mm ; 
lureadth between eyes 1*25 mm — l-S mm ; length of antenna 1-0 mm. 

Third Staoe Nymph (Plate 1 ; Fio. 3). 

General cohnur dark brown above and pale brown beneath. On the 
fourteenth day the ratio of the length of the anal brashes to the length 
of the body of the nymph was found to be as 3:1. The whitish-brown 
anal brushes do not become conspicuous till the sixth day after moulting. 

Vertex brown, mottled, broader than long, kminately dilated at 
sides and posterior margin, which is circularly emarginate ; with a fine 
median carination. Face flat, broad, angled at sides, sinuate before 
clypens, distinctly broader than long with a fine pale fascia at the broad- 
est portion, upper part of face upto below middle dark brown, lower 
part pale brown, with a double series of globular teanslttoent senaoiy 
pits at the apoal and iatmal margins, and $ix Memtay pits at the baas 
of &fie, three on either side, FL 1, fig, 4. CSypew brown to daili bipiwak, 
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irtiout, aoomx:, raaootili. Eosintin di»dc brown or bbu^, hairjr, roA^bing 
npto tiie tturd pair trodhAiiiers. Ooinpoaiui eyoa dark red a 
dwaoirentral tnangtdar tubule, whiob is without facets. Autmoa 
brown to dwk brown, secMid Joint stout, cylindrioid, with a numbor of 
pale i^pots m foveae. PrtmotuUi as in seoood stage nymph, with a dark 
brown fMtch at the middle cd anterior margin ; anterior inargiarataed and 
angulatfy ampliated with a 8«i«g of 17 sensory pits, jJa^obUquely 
in two rows on either side of ^ median ridge, fifteen in doable row and 
two {daoed a Uttte apart from the rest, Mesonotum as in the seowid 
stage nymph, dark brown, tricarinate with 11 or 12 sensory pits in throe 
groups, a group of seven or right near middle, three on tegmen region 
and one near lateral margin of tegmen. Tegmen brown, with the apex 
pale, shmter than that on metanotum. Metanotum as in the second 
stage n3ntnpfa, dark brown, tricarinate, with 10 sensory pits plaoed in 
two groups, one of eight near middle and two on tegmen region 
near lateral margin. Tegmen brown, not conspicuous with the apex 
pale. Legs large, hairy, mottled pale and brown, tibia of posterior 1^ 
with 9 stout, black tipped, spines at apex and 6 or 6 other spines between 
the base of tibiae and the apical spines ; the same individual is semi to 
liave 0 spines on the right leg and 6 on the left, hut the number of spines 
is never more than six. Tarsi two jointed in the anterior and inter- 
mediate legs, and three jointed in the posterior leg ; the first tarsal joint 
of the third leg with 3 spines and 5 spinules at apex. Abdomen nuldly 
ridged at middle throughout its length, broad at base tapering posteriorly 
with paler area on the dorsal surface. First abdominal segment without 
sensory pits, second, third, fourth, fifth, and sixth segments with two 
globular transclucent sensory pits, each with a minute seta, one on either 
side near posterio-lateral margins. Anal brushes and wax plates as in 
the second instar. Length 3*5 mm — 3-75 mm ; length of anal brushes 
10-5 mm ; greatest breadth over thorax on the metanotum 3 mm — 3*26 
ram ; Imwlth between eyes 2 mm ; length of antenna 1'25 mm. 

Foueth Stage Nymph. 

Similar in general appearance, and colouration to the third stage 
nymph, with light brown or pale patches on pronotiuu, middle of meao- 
notum and on abdominal segments dorsally. On the fourteenth day, 
the ratio of the length of the anal brushes to the length of the body of the 
nymph was found to be as 2:1. 

Vertex brown, mottled, lunate, concavely emarginate posteriorly, 
broader than long, with a fine median carioation, angularly ampliat^ 
at sides and posterior margin. Face broad, broader than long, an|^ 
at sides wi^ a fine pale fasoia at the broadest portion below middte, upper 
part darit hcipwii, lower part p^ brown, with double series oi sensory 
pits nt the n^otd and lateral margins and 6 translucent sensory pits at 
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baaeof faoe, tiiree on dK&er ud«. OLypetia bio«n to dark bcowb, 
speckled, stont, oonvez, smooth. Boatr^ dadc brown ac bladk, hairy, 
reaching npto the third tnxdmnters. Componnd eyes xeddhdi brown, 
sparsely hairy beneath, with a conspicuous iriangulax tubercb mtuated 
dorsolaterally. Antennae phased laterally beneath the eyes, Inown or 
dark brown, second joint robust, cylindrical, hairy, with a number of 
pale foTeae, aristal knob dark brown or black, seta brown. RronOtum 
mottled pale and brown, anterior margin raised and angularly ampEated 
with 18 or 19 sensory pits, placed obliquely in two rows on eithet ride 
of the median carination, sixteen ox seventeen in double row neat middle 
and two placed a little apart from the rest. Mesonotum dark brown 
with a middle pale area, tricariuate, with 10 sensory pits, placed in two 
groups, one of seven near middle, and the other of three on tegmen reghm . 
Metanotum dark brown, tricarinate, with 10 globular sensory pits each 
with a minute seta placed all in one group near middle. Tegmen oon^* 
cuous, smaller than that on mesonotirm. Ziegs large, hairy, mottled 
pale and brown, tibiae and tarsus as in the third instar. The first tarsal 
joint of the posterior leg with 3 spines and 6 spinules at apex. Abdomen 
dark brown pale at middle longitudinally. Abdominal sensory pits, 
anal brushes and wax plates as in the third instar. Length 5*5 mm ; 
length of anal brushes 11 mm ; greatest breadth over thorax on the 
metanotum 4 mm ; breadth between eyes 2*75 mm ; length of antenna 
1*6 nun. 


Fifth Stage Nymph, 

Similar in general colouration and appearance to the fourth stage 
nymph. On the fourteenth day the ratio of the length of anal brushes 
to the length of the body of the nymph was found to be as 1*6 : 1. 

Vertex mottled, dark brown, lunate, slightly produced in front of 
eyes, broader than long with a fine median carination, laminately dilated 
at rides and posterior margin. Face finely obscurely wrinkled with faint 
speckling, broader than long, angled at sides, upper one-third brown, 
middle one-third dark brown or black and basal one-third pale brown or 
pale, with a double series of sensory pits at the apical and lateral margins 
and 6 translucent sensory pits at base of face, tl^ee on either side, FI. 1 ; 
fig. 5. Clypeus dark brown, speckled, robust, convex, smooth. Bostrum 
dark brown or black, hairy, reaching npto the third trochanters. Eyes 
reddish dark brown, sparsely hairy beneath, with a conspicuous triangulio' 
tubercle placed doxsolaterally. Antenna as in the foiorth instar, second 
joint studded with hairs and tpines, with a number of olfactmy spots. 
Pronotum as in the fourth stage nymph with 19 or 20 sriieory pits placed 
obliquely in two rows on either ride of tbe median (auriaatuHi ; rixteon 
or seventeen in double row near middle, and three placed a lii^ apart 
from the rest. Mesonotum as in the fourth stage nymii^, hut twice ak 



M iiiie ifeouotom 10 tmmiy pits placed in two growpe, one of 
ae-va^ neat laiddie aad the oth^ of thzee on xe^poa. Xegmeu 

^o^hemm, spaxaely elo'&ed with njinute haks st the apical axea. 
Hetanotiim daxk faxown as in the foorth sti^e nymph, with II sensoiy 
pits all placed close together in one group. Ifegmen smaller than that 
on mesonotum. I^egs large, hairy, mottled pale and dark brown, tibia 
and tarsus as in the fourth stage nymph. The first tarsal joint of the 
postacioc leg with 4 spines and 2 spinules at apex. Abdomen dark brown, 
mildly rk^^, pale at middle longitudinally, with the abdominal sensory 
pits, anal bmshes and wax plates as in the fourth stage nymph. Length 
6*6 mm ; length of anal brushes 10 mm ; greatest breadth over thorax 
on the metanotnm 4 mm — 4-5 mm ; breadth between eyes 2*76 mm ; 
length of antenna 1*76 mm. 

23. Adult (Platk 1 ; Pias. 6, 7). 

Female ; Head greenish olivaceous or ochraceous ; eyes spinose 
beneath ; pronotum and mesonotum greenish olivaceous or sangui- 
neous ; metanotrun, sternum, and legs purplish red ; posterior tibia 
and tarsi fuscous, black, or purplish red ; abdomen above greenish white 
in fresh specimens, fuscous or brownish ochraceous in older specimens. 
Abdomen beneath pale yellowish green in fresh specimens, fuscous or 
brownish ochraceous in older specimens, with the transverse fasciae 
black. Tegmen sparsely clothed with hairs, olivaceous green with small 
scattered spots and oblique transverse discal fasciae flavesoent ; in faded 
specimens the tegmina are ochraceous, virescent, stramineous or mixed 
ochraceous and olive-green, with the fasciae only a little paler or sub- 
obsolete ; in some these fasciae are testaceoxis, pale or reddish orange, 
in others maculate and much broken ; the apical marginal area with a 
double series of small shining black spots and larger spots near apex of 
posterior margin ; wings creamy white, with two obliquely transveme 
black fasciae on apical area. Length from apex of vertex to apex of 
tegmen 8*76 mm — 12*5 mm. 

Male : Rostrum fuscous or piceous ; thorax above wholly tawny 
brown speckled with fuscous ; eyes spinose beneath ; head and pto- 
notum dull stramineous or ochraceous ; mesonotum testaceous or fuscous 
testaceous ; sternum testaceous or sanguineous ; abdomen above testace- 
ous or ochmceous, beneath black with the lateral margins white in fresh 
specimens, ochraceous in older specimens and the narrow segmental 
margins whitkh pink in fresh specimens, ochraceous in older specimens ; 
base of abdommi narrowly sanguineous ; legs less sanguineous and more 
fuscous in odour ; posterior tibia and tarsus black ; tegmen sparsdy clothed 
with hairs, pale to dark tawny brown, sometimes a little darkly spedded 
^'Ihasal hafi ; apical area with two prominent black spots, one on anterior, 
the other on posterior margin, Hie uppermost swnetimes absent and a 
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•BOM of minute !»lftck spots <m the upbal marginal area j wujfs fwsoos 
or very pdte, MBoly black, the apicfkl area black at cluH fusoous, ©sirtaiBiiag 
a traasvmMe white fascia. Length from apcK of vaftex to apwt <rf 
tsgmnn 6 mm-~10 mm. 

24. DmrsiiOPUBNT ojr thb Aktshbab and thb Pbbbbkob ob SbUsobt 
Haibs and Oufactoby Pits ow thb Sboono Ahtbnhai. Jotiw. 

In all the nymphal stages and also in t}»e adolt, the first antwn^ 
|(imt is plain, annular, and much smaller than the second joint, which is 
robust and cylindrical. In all oases the seta arises from tlmaristal knob 
lateraUy. 

In the first instar, the second joint of the antenna is studded with 
minute brown projections, and also with a few fine hairs. The aristal 
knob containing the antennal hair is placed at the centre of the apex 
of the second joint. At the apex of the aristal knob are seen a number 
of minute tubercles and spines, and on the outer mai^^ of the knob 
opposite the seta are seen a pair of fine hairs all sensory in function, PI. 1 ; 
fig. 13. In the second instar, the second antennal joint is studded with 
minute black triangular processes, spines and hairs and it is more spinous 
and hairy at apex. A few foveae surrounded with thin edged triangular 
projections are also present. The aristal knob is sparsely studded with 
minute black triangular processes and opposite the seta are present a few 
minute spines below which are seen two longish bent hairs probably 
sensory in function also. In the third iustar the second joint is spinulate 
hairy, with a few stout spines. The number of olfactory pits is greater 
than those of the second stage nymph, and twenty pits are visible dorso- 
laterally. Bach olfactory pit is surrounded by six thin edged triangular 
projections, inside which in a circle are present a number of very fine 
hairs overhanging the pit. Triangular processes occur on the aristal 
knob sparsely. The pair of long hairs seen in the second stage nymph 
is absent, but the knob is tubercular opposite the seta. In the fourth 
iustar, the second antennal joint is beset tluckly with small hairs, spines 
and olfactory pits, more so at the apex ; and a few stouter spines are 
also present. The aristal knob is not spinulate and bears four minute 
spines opposite the seta. In the fifth instar, the second antennal joint, 
the aristal knob, and the seta are as in the fourth stage nymph, but the’ 
four minute spines seen in the latter on the aristal knob are absent. The 
olfactory pits are situated dorsolateraUy, are absent ventrally, and are 
present in a circle at the apex of the second joint. In the adult stage, 
l»esi(ies the short spines and hairs, a few large stout brisries arc i^o 
present on the second joint of the antenna. There «re about flirty 
olfactory pits, each surrounded at the outer edge by nine thin edged 
projections, which may be separate from one another or sora^ of them 
may be contiguous. At the ian» edge of tte oUactoiy fiwreae are seett 
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26. DavaujpMBNT or Lm aot) Pbesesob of TiomB Haiks (Platb 1 ; 

Fios. 8, 9, 10). 

IPtie brOobanter of the posterior leg in all the nymphal stages is toothed 
or dentate ait the mner marpn, Pi. 1 ; fig. 11 ; which is not noticeable 
in the anterior and intermediate legs, nor in any of the legs of the adult. 

The intermediate leg is shorter than either the anterior or the posterior 
leg and the posterior leg is longest in all the nymphal stages and also in 
the The femur and tibiae of the anterior and the intermediate 

legs in all the nymphal stagers and in the adult is compressed, flat and 
dilated, that of the intermediate legs less so than the anterior leg. They 
are studded with hairs and bristles and are devoid of spines. 

In the first instar the legs are whitish mottled or banded pale brown ; 
in the second instar the first leg is whitish mottled brown, second leg pale 
brown ; in the third instar both the anterior and intermediate legs are 
whitish mottled brown ; in the fourth instar the first two pairs of legs are 
mottled brown ; in the fifth instar the first leg is, mottled dark brown, 
second leg mottled brown, and in the adult the first two legs are either 
sanguineous or as in the fifth stage nymph. 

The tibia of the postenor leg in all nymphal stages and in the adult 
is triangular and studded with hairs and bristles. It is pale brown in the 
first two nymphal stages, brown in the third stage, dark brown in the 
fourth stage, mottled dark brown m the fifth stage, and mottied dark 
brown, black or with rod colouration in the adult stage. Except in the 
first stage nymph, there are at least five spines on the tibia of the posterior 
leg of aU other nymphs and also in the adult, excluding the apical spines. 
There are four spines at apex of tibia of the third leg in the firat instar, 
seven in the second instar and nine in the third, fourth, fifth instar and 
in the adult. 

Tarsi pale brown, two jointed in all legs, in the first and second stage 
nymphs. In the third, fourth and fifth stags nymphs the tarsus of the 
anterior and intermediate leg is two jointed, and riiat of the posterior leg 
three Jointed, of brown or dark brown colour. In the adult the tarsi 
of all l^s are three jointed, and are dark brown or black in colour. Tins 
first joiiit of the tarsus of tlie anterior and intermediate leg in all the 
nym^^ stapes is much smaller tlian the second ; both am clothed with 
h^s, but are devoid of spines. In the adult the first tarsal joint is longsr 
than the second; and the thud tsrsdi joint is longer than the first and the 
shoond put Thn first joint of the poshwior leg in all ^ 
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n^nni^bal stages and m the adolt is Io&|^r, stouter, and more csoaaiaBuetsI 
than the second ; is donwly clothed with hairs vantsi^, which are d a 
tactile nataire ; and bears three spinen and one ^inule at apex in the 
first instar, three spines and four spinnles in the sed^td instar, three spines 
and five spinuleB in the third instar, three spineB and six spinuleS in tl;^ 
fourth instar, four spines and two ^nules in the fifth instar, and four 
spines and five jinnies in the adult. 

The second tarsal joint of the posterior leg in ^e first and second stage 
nymph is slender, hairy and bears no spine. The second tarsal joint of 
the posterior leg in the third, fourth, fifth nj^mphal stage and in t^ adult, 
though stout is very small, smaller than either the first or the third tarsal 
joint, is clothed with hairs, which are of a tactile nature, fairly densely 
more so at apex ventrally and bears no spines. 

The third tarsal joint of the posterior leg in the case of nymphs of the 
third, fourth, and fifth stage is slender, subequal in length to the first 
tarsal joint, hairy, more so in the adult than in the nymphs, and is also 
devoid of spines. 

All tarsi end in a pair of curved, pointed, brown to dark brown claws, 
which also bear stout bristles. In between the claws are seen a bunch 
of pale yellow hairs bent at the tips, PI. 1 ; fig. 12. 

26. Development of Anal Pad, Wax Plates and Brushes (Plate 1 ; 

Figs. 14, 16). 

As already mentioned, the anal brushes of hairs arise from two white 
circular pads situated on the apparently seventh abdominal segment. 
In the first iustar, the base of the aiml brushes is composed of 
a circular pattern, consisting of an outer ring of fifteen and an 
inner ring of five or six small circles. Each small circle is distinct 
and separate, and is the seat of a single anal hair. Within each circle 
is seen an internal transparent area, which presumably is the root of the 
hair. The circles can be difierenriated into two kinds ; the larger circles, 
the bases of the thick brown hairs, and the smaller circles, the bases of 
thin white hairs. Inside the innermost, or first ring, are seen six to wina 
triangular granules and smaller granular structures are also present in 
between the circles. Outside each circular pad or the base of the anal 
brushes is seen another smaller, elcmgate plate, which is membraneous 
and is composed of a row of fourteen polyhedral bodies. This is the wax 
plate, secretions from which bind the andl hairs at base for some 
and make them appear as brownish rods at first. This binding of the 
anal hairs at base with wax appears to be necessary, to ettable the iods 
to act as levers in lifting the anal brushes, which are lelativdiy of large 
sise, heavy, and frequently used. 

In the second instar exterior to the two rings present in the fiwA eta g # 
nymph, are added two mote conemrfrio zmgs. Hie first or the 



UCM^ lii% of six ov smaU circles or bain, tbe second Of 

Wemti biiii^ tlie third of twenf^^hnir hairs and the fourth of thirtjr hairs. 

the innermost ring small tmngular granules are present and maalkar 
^tianides are also preset in betireen the circles. The position of the 
wax j^teshi aho altered and instead of bung lateral to the circular pads 
as in the first stage nymph, they are now situated just beneath the 
oirenlar pads and lateral to the anal aperture. The wax plate is small, 
bounded 1^ a chitinous triangular ring, and the number of polybedrdi 
bodiffi) contained in it increases to sixteen. 

In Ihe third instar exterior to the four rings present in the second 
stage nymph, is added one more concentric ring of thlriy-six circles or 
hairs. The wax plate is situated as in the second instar, but the number 
of polyhedral bodies contained in each increases to twenty'^cix. Inside 
the innermost ring and also in between the circles small granules are 
present. 

In the fourth instar exterior to the five rings present in the third 
stage nymph, are added two more concentric rings of circles or anal haim. 
The sixth ring is composed of thirty-sis circles or hairs and the seventh 
ring of forty circles. The wax plates are situated as in the third stage 
nymph, but the number of polyhedral bodies contained in each of them 
increases to forty-two. 

In the fifth instar there are no further additions to the number of 
rings, but the number of small circles or bairs on the sixth ring increases 
to forty-five, and that on the seventh ring to fifty-two. In between the 
sixth and the seventh rings, are present nine extra circles or hairs both 
above and below and minute granules are also present. The number of 
polyhedral bodies in each of the wax plates increases to over eighty-five. 

In the adult stage, the anal pads and the accessory wax plates with 
polyhedral bodies seen in the nymphs entirely disappear, and no anal 
brushes are seen either in the male or in the female. But instead in the 
female hopper, two outicular plates, FI. 1 ; fig. 18, each with a number 
of minute pores, situated above the anal aperture, one on either side, are 
seen from which the white flocculent efflorescence comes out. The female 
is always seen covered with this material at the dorsal and ventral abdo- 
minal segments, and also at apex of abdomen. This flocculent efflores- 
cence is utilised by tbe female in covering the egg masses. The cuticuiar 
plates seen in the female are entirely absent in the male E. tomentosa. 

The bruidms of bairs and pads drop o5 with the exavimn at every 
moult, and fresh anal hairs arise in their places as the nymphs continue 
to feed and grow. 

27. Akai. Habus (FiiATb 1 ; Wm. 17). 

The anal hairs arismg from the anal pads of E, tomenUmt ate of two 
Ictiids. ^Piiitly, the thick brown hairs, f^er in number, whush, ex^pt 
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indioH ‘ 

teir A »|Lort diBtiiiiiOe at tli 0 base, aw* ^cWy fimii«be4 

diaractf^ forwards throughout th© length with a bwoh of 

apex ; and secondly, the tliiu white hairs niore uuiiioroiiii> net thioldy 

furnished with spurs, and without a bunch of ^pufs at apsx# IJn^^ 

high power Imth these types of haire are found to be tmnsparimt wttiiin, 

from which it is inferred that they ate hollow or groof^ed, 

28. PuNCTiosr OF AmaIa Haies. 

It has been observed that the nymphs always flap their tails in Ae 
direction from which a disturban<^ is produced. If a sandal shoot with 
nymphs is tapped with a pencil, the nymph will very often turn the anal 
hairs in the direction of tapping, and will begin to flap the anal hairs in 
quick succession on the shoot. The anal hairs therefore are presumed 
to be of a sensory nature. The flapping action, combined with the lifting 
of anal brushes over the back, and wagging it slowly up and down and 
sideways, may reasonably be supposed to be an attitude of defence taken 
up by E. tomentosa nymphs to scare and drive away any approaching 
parasitic or predatory insects. 

29., Diffeeence in Structure of Anal Pads in Pyrilla aberrans 

Kirby, Sarima nioboclypbata Mel., and E. tomentosa Pare. 

In the nymphs of P. aberrans Kirby, vide Misra, 15 ; pp. 98-99, which 
belongs to the Lophodinae, the bases of anal filaments or threads form 
a circular pattern of concentric rings of small circles, with an innermost 
circular transparent patch, which is bordered with six large setae. The 
small circle in each ring is without minute setae. In the female the anal 
pad consists of innumerable small circles with a speck in the centre. The 
anal pads are absent in the adult male. In the case of nymphs of S. 
nigroclypeata Mel., which belongs to the Issidae, the base of the anal 
bristles consists of circular pattern, but it is not in the form of concentric 
rings of small circles, as is seen in the case of P. aberrans and Jf. tammiom* 
Each small circle is bordered with 16-17 minute setae. The anal pads 
are absent in both adult male and female. 

In the case of nymphs of E. the base of the anal haijra afeo 

consists of a circular pattern of concentric rings of small circles, and the 
innermost circular transparent patch is without setae, but with triangular 
granules. Besides the above, wax plates with polyhedwd bodi^ are 
present. In tlie adult female, two cutkmlar plates ar^ pr^Mt, which 
consist of a munber of minute pores. The anal pads are absent in the male. 

30. Sensory Pm (Plate 1 ; Pio. 19). 

In pinned and alcoholic specimens, the sensory pita on the 
face, thoracic and abdominal segments appear as ami^ wMte, pabj ysHoW 
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fiHif 

»e himn i^tMm lubeioks. Alter treatment with KOH, each abdomiiia] 
wsiMoiy k imkA to be slightly flattened, with a traoalaoeut 

areh ht the to{>, at one aide ni which is seen a smaller clear area , tram which 
the «eta arises. On foriher eaiaminatiim it » noticed that below the 
tvamlneeat aiea^ is present a series of seven to eight goblet-shaped bodies, 
iinside sMich nf which is seen a flne hair directed downwards. The inner 
miurgin ol the sensory organ is obsemely divided into four compartments, 
each oontaming a number of cells and granules. 

31. Byes (Fi>ate 1 ; Fio, 20). 

hi the first, second, and third stage njrmphs, there are no spines 
beneato tbe eyes, brit in the fourth, and fifth stage nymphs and in the 
adult sparsely placed spines are seen beneath the eyes. In the first 
stage nym|di, tbe thin edged triangular tubercle on the eyes seen in all 
the other stages, is absent. In the second and third stage nymphs, this 
tubercle is pl^ed very near the antennae dorso-vcntrally. In the fourth 
and the fifth stage nymph, and in the adult this tubercle is large, cons- 
picuous, pale brown, dark brown, black or red in color ; and occupies 
a dorso-lateral position. There are no facets on the tubercle, but facets 
are present all round the tubercle in tbe adult only. 

32. Nature of the White Flocculent Efflorescence of the 
Female E. tomentosa. 

A small quantity of this white material was scraped from the bodies 
<»f females, and submitted to Mr. Gho.sh and Dr, Puntambaker of the 
Biochemical branch of this Institute, to whom my thanks are due for its 
examination. They report as follows : This white material was found 

to be partially soluble in petroleum-ether and so in alcohol, but it was 
more or less completely soluble in chloroform. On boiling with caustic 
soda, only a small portion dissolved and the insoluble portion was found 
to be soluble in chloroform and other, which did not give the charac- 
teristic color reactions of cholestrol or phytostcrol. It would therefore 
appear that the whole of the white flocculcnt mass is not wax, but some 
neutral substance the nature of which could not be determined as the 
material available was too small.’' 

Fletcher {S, p. 78) states that in Coorg a oonsidcrablo proportion, 
about one in four, of the E, tomentosa bugs were infested with a white 
epipyropid caterpillar which was apparently feeding on the flufiy white 
waxy exererion d the bug. He also mentions that an epipyropid also 
ocemrs on Smrybraek^ at Coimbatore, 

83. Male Gbnttaua. 

Pfttthi p. 219 } pi.x!mU,fi9. 235) gives the following desetiptimi 
of idle gmiltiiilia of Mwjfbfodkus diktata Wlk, tonhentosa FaW.). 



** Phallosoma loivg. btti dee|>ly iaoisod, {omiog ditrtaiiol IoInM, ibi; 
inoisioafl exton^^ag emu to the pttodml xe^on. dctojhnotitA 
separable from the jd^aBosoiaa except at the tztreaM baW. (^ea^aiibtiirh 
appendages reiy highly developed, hard, stout aod eoai^umous beaiiag 
tanaXl seeoudaty processes. At the base of the ooujunctiva hi^paulAfes, 
in the position of the vesica, there is another pair of sh^ eonioal ap^jeet^'* 
ages (ap"). Basal plates, their prolongation^ wnd bridge ddioate and 
didder. Faxameres flat and broad.” 

34 - Distinction betwben Kyhphaj. Instaks. 

The distinguishing characters lie in the number of sensory pits on 
pro meso and metanotum ; in the development of spines on the labia 
and apex of the first tarsal joint ; and in the number of concentric circles 
of hairs on the anal pad. A reference to the following table will indicate 
the different stage nymphs accurately : — 


Part of body 



Ntmfh 



1st Stage 

2nd Stage 

3rd Stage 

4th Stage 

6tti Stage 

Adult 

Kombor of fionsory pUo on 
pronotum In gronps of J 

10+0 

16+0 

16+2 

16 or 

16 or 

0 

Kamber of sensory pits on 
mesoootum In groups of 

2+2 

7+8 

7+8 + 1 

17+2 

7+8 

17 +8 

7+8 

0 

Nnniber of sensory pits on 
metsnotnm in groups of 

2 + 1 

6+2 

8+2 

10+0 

n +0 

0 

Ifumber of tsrsttl joints to 
aiiterl<» and intermediate 
legs : 

2 

2 

2 

2 

2 

3 

Humber of tarsal Joints to 
posjiwforleg 

2 

2 

3 

8 

8 

8 

Humber of sjdnes at apex of 
tibia of posterior leg . 

4 

7 

0 

0 

0 

8 

Number of spines and spinuies 
at apex of first tarsal Joint « 

8 + 1 

8+4 

8+6 

8+6 

4+2 

4+6 

Number of coneentrio rings of 
batn on anal pad 

2 

4 

6 

7 

7+ 

0 


35 . StTMMABY. 

Bearing in the inseotary has proved that EurybrcK^s apiocUis Wlk. 
and E. dUatata Wlk. are the male and E. tommtom Fabr. is the female 
of one and the same species. The specific name tonmtosa Fabr., being 
older, the names apicalis Wlk. and dihtata Wlk. sink as synonyms. Next 
to Sarima mgrodypeata Mel., this is a common hopper found on sandal 
in South India, and feeds on nineteen different plant species besides 
healthy and spiked sandal. The nymphs of the first, second and third 
stages suck sap from leaf flush and tender green shoots, while the nyn^hs 
of the fourth and fifth stages and also adults suck ra^p h<m gneen shoots 
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Attheplooeof punioiiueoa 
As a ie»a|t of aWotnial 

dMb of «i.p te to jdtfi MHog of |i large number of nymphs on a saacUd 
brandhy the growth of the shoot jfloheoked, thefoliagemay wither mid be 
dmd, iwd young shoots and twigs may be killed back. One jeax old 
sandal seedbags were found to shed the leaves and dry up, as a result of 
the feedmg of twdve individudb within ten weeks. Along with other 
suidid S^m^ptera, this species is partly req>onsible for causing thin 
crowns and stagheadedness, generally prevalent in sandal forests. The 
adidt life is of over two months and the female has a long oviposition 
period. are laid on the leaf, shoot and bole of sandal in clusters. 

The ^gs are covered with a thick mat of white flocculent efflorescence 
by the female. There are five nymphal stages, and the average time 
taken to complete development from egg to adult is 120 days. There 
are three generations in a year and the generations overlap. One 
hundred and forty four records of the time of development of the different 
stages in the life history have been made. The life-history studies were 
mostly conducted at I^nkanikota, North Salem, where there is practi- 
cally no variation in the rate of development in the different seasons. 
The relative abundance of this specie in the different sample plots located 
in North Salem, C!oorg, and Vellore Forest Divisions, where quantitative 
collections were made during 1930-31 season, has also been given. Like 
Sctrima nigrodypeata Mel., this species is also active .throughout the year 
in the sandal forests of Madras, Coorg, and Mysore. All the instars are 
described, and a table for the identification of nymphs has been prepared. 
Observations on the development of antennae, legs, anal brushes, sensory 
pits, eyes, etc., have also been made. 

The data recorded in this paper suggest that E. tomentosa Fabr. is a 
species capable of carrying the virus of spike disease of sandal. Experi- 
meuts with the object of transmitting the disease by means of this 
insect have been taken up. 


N. C. CHATTERJEE, 



26 


(1) CMATTERJEM, N. O. (mi, 1932). Iimolyaiima m Hhe MfiU 
diaea 0 e of $andal, Indiaii lafltitnte oi Bciencfl, Bangak>te. ptSi I, U, f F, 
F, yi, {V. Sahmlimaniyaa, Editoif^) 

(2) CBATTSMJMSi N. C. (1632). The Life-hisiwy md Mwpkidi^ 
ol Sorima mgrodypeata Md. Itid. Ifor. Beo. Vol. pt. XVIII, ji, XH. 

pp. 

(3) COMSTOCK, J. H. (1918), The Wi^» (f Ins^. Consstodt 
Fablisfaliq; House, Ithaca, N. Tork;. 

(4) DISTANT, IF. L. (1900, 1916). Faum BfiUeh India, Rhym^ 
chota ; III, YI. Taylor and Francis, London. 

(6) FLETCHER, T. B. (1914). Some Sottth Indim Inaeds, p. 488. 
Supdt. OoTt. Press, Madras. 

(6) FLETCHER, T. B. (1917). Froc. Second. StUl. Meeting, Pum ; 
pp. 78, 118, 124, 186. 

(7) FLETCHER, T. B. (1921). Annotated I4st of Indian CropPede, 
Btdl. 100, p. 200, Agric. Res. Inst., Pusa. 

(8) HEAR8EY, T. N. (1916). Preliimnary report on the invediga- 
tion cf spike disease in sandal. Unpublished, but available from the D. 
F. O., N. Salem. 

(9) HEARSEY, T. N. (1919.) Third report on the investigation <f 
spike disease in sandal. Unpublished, but available from D. F. 0., N. 
Salem. 

(10) IMMS, A. D, (1925). A general text hook of EntewMogy. 
Methuen & Co., Ltd., London. 

(11) LEFROY, H. M. AND HOWLETT, F. M. (1909). Indian 
Insect Life ; p. 725. Thacker Spink k Co., Calcutta. 

(12) MCINDOO, N. E. (1914). (Mfadory sense of Insects. Smith- 
sonion. Misc. Coll. Vol. 63, No. 9. Washington. 

(13) MELICHAR, L. (1903). Homopterous Fauna of Ceylon. Felix 
L. Dames, Berlin. 

(14) METCALF, Z. P. (1913). Wing Venation of Fuigoridae. Ann. 
Entom. Soc. America, VI, pp. 341-362. 

(15) MISRA, C. S. (1916). Indian Sugar Cane Leaf-hopper., PyriUa 
aberrans Kirby. Mem. Dept. Agric. India. Vol. V, No. 2, pp. 73-133. 

(16) MUIR, F. (1922). On the classification of Fuigoridae (Homo- 
ptera). Proc. Hawaii. Entom. Soc. Vol. V ; pp. 205-217. 

(17) PRUTHI, H. S. (1925). The Morpholep of Male genitaUa in 
Rhynchota. Trans. Entom. Soo. London ; pp. 127-256. 

(18) WEBER, H. (1930). Biologie ^ Hemipteren. BMogiac^, 
Stvdienbucher, No. XI, Julius Springer, Berlin. 






Ettrybraohyb tombhtosa Fftbr. 
EXPMNAIIOK OF FIATS 1. 


Fig. 1. Sgg. 

„ 2. Veotral view of head ol $ lei inetar s. p.aaaei^oi^ pit. 

p, 3* Ventral view of head of nymph ; 3rd instar s. p.nsen lory pit. 

„ 4. hlymph 3rd iostar showing eeamory pits and anal bruBhes. Diagtammatie. 

„ 5. Ventral view of head of nymph ; 5th instar s. p.m sensory pit. 

„ 6. Male with expanded wings. 

7. Female with expanded wings, 
p, 6. Posterior tibia and tarsns of nymph ; Ist Instar, 
pp 9. Posterior tibia and tarsus ol nymph ; 5th Instar. 
pp 10. (a) Anterior, (b) intermediate tibia and tarsus of nymph ; 5th instar, 
pp 11. Posterior trochanter of nymph, 1st instar highly magnided. 
pp 12. Tarsal elaws with hairs of nymph ; 5th instar highly magnified* 

IP 13. Sensory hairs on antenna ol nymph, 1st instar highly magnified, 
p, 14. (a) Sensory hairs and olfactory pits on antenna of female, {b) dorsal view of 
olfactory pit highly magnified. 

p^ 15. Base of anal hairs, wax plates and anal aperture oi nymph, Ist instar, an apw 
anal aperture, an. b— base of anal brush, s. p.« sensory pit, w. p.<»wax plate, 
pp 16. Base (right) of anal brush and wax plate of nymph, 5th instar, an. b» base of 
anal brush, w.p.s«wax plate. 

pp 17. Anal hairs (a) with bunch of spurs at apex, (6 )without bunch of spurs at apex, 
pp 18. Right cutioular plate with pores of female highly magp Ified. 
pp 19. Abdominal sensory pit of nymph, 3rd stage. 

pp 20. Dorsal wiow ol right eye of adult showing ocular tubercle, o.t.»- Ocular tubetule.^ 




Euetbraohys toukntoaa Fabr, 
EXPLANATION OP PLATE IL 


•bnadance ia mmple ploto 1.S8 at SWrpet. Javategiri, 




OHATOERJEE—ON the tlFE HISTOEY AN© MORPHOLOGY OP E, TOMBNTOSA, FABR, 
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